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Abstract 


The  Aristifats  diatreme  is  one  of  seven  Seton  age  vol¬ 
canic  centres  occurring  in  a  linear  belt  between  Taltheilei 
Narrows  and  Utsingi  Point  in  the  East  Arm  of  Great  Slave 
Lake,  N.W.T.  These  diatremes  cut  Aphebian  platform  sedi¬ 
ments  and  volcanics  of  the  Great  Slave  Supergroup,  and  are 
controlled  by  a  major  basement  fault  trending  18°  (az). 

The  emplacement  of  the  Aristifats  diatreme  into  the 
Proterozoic  succession  was  controlled  by  one  of  a  set  of 
shear  fractures  related  to  compress ional  folding  in  the 
East  Arm  orogen. 

The  vent  agglomerate  consists  predominantly  of  mafic 
volcanic  (basalt)  fragments,  with  lesser,  though  locally 
significant,  concentrations  of  sedimentary,  diabasic  and 
granitic  rock.  The  volcanic  fragments  exhibit  a  variety  of 
textures  from  highly  ves icular-and  pumiceous-lava  to  dark 
viscous  lava.  Much  of  the  basalt  is  thought  to  represent 
accidental  material  from  a  pre-existing  volcanic  pile  cut 
by  the  diatreme.  Juvenile  volcanic  material  appears  to 
comprise  a  relatively  small  proportion  of  the  total, 
possibly  less  than  25  percent.  The  volcanics  have  under¬ 
gone  incipient  low  grade  regional  metamorphism  (prehnite- 
pumpellyite  facies).  Propyllitic,  potassium  and  carbonate 
alterations  are  common.  Silicif ication,  hemat itizat ion  and 
chloritizat ion  are  less  prominent. 
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The  origin  of  the  diatreme  appears  to  have  involved 
at  least  two  pulses  of  volcanic  activity.  The  final 
phase,  which  was  explosive  and  possibly  phreatomagmatic, 
was  followed  by  collapse  and  subsidence  within  the  vent. 

It  can  be  inferred  on  the  basis  of  sedimentary  rock  frag¬ 
ments  in  the  diatreme,  that  it  intruded  as  high  as  the 
basal  part  of  the  Pethei  group.  Model  lead  dating  of 
galena  from  mineralized  zones  indicates  an  age  of  1870 
+  15  m.y.  for  the  diatreme.  It  is  therefore  associated 
with  the  middle  Aphebian  phase  of  intrusive/magmatic 
activity  in  the  East  Arm. 

The  diatreme  hosts  a  complex  mineral  assemblage  which 
has  been  related  to  four  separate  phases  of  mineralizing 
activity . 

Phase  I,  which  comprises  primarily  Fe-Co-Ni  sulfides 
and  sulf arsenides  with  minor  U,  Pb,  Cu  and  Ag ,  is 
attributed  principally  to  hydrothermal  leaching  of  the 
mafic  parent  magma  of  the  diatreme.  U  and  Pb  may  have 
been  introduced  by  gaseous  transfer  from  the  mantle. 

Phase  II  is  a  sulfide  phase  consisting  predominantly 
of  chalcopyrite  and  galena  with  minor  Cu-Ag  sulfides. 

These  minerals  occur  in  zones  which  have  undergone  strong 
potassium  alteration,  and  represent  the  only  economically 
significant  phase  of  mineralization. 
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Phase  III  comprises  barite,  specularite  and  possibly 
minor  chalcopyr ite . 

Phase  IV  is  represented  by  quartz-carbonate  veins, 
and  contains  only  minor  quantities  of  chalcopyr ite . 
Structural  evidence  suggests  that  these  veins  were  depos¬ 
ited  relatively  near  the  surface. 

Oxygen  isotope,  fluid  inclusion  and  lead  isotope 
studies  suggest  that  phases  III  and  IV  and  possibly  phase  II 
were  deposited  by  connate  brines.  The  metal  content  of 
these  brines  was  derived  from  argillaceous  sediments  within 
the  basin. 

A  model  is  proposed  whereby  late  magmatic  activity 
and  tectonism  propogated  hydrothermal  (connate)  fluids 
from  deep  basinal  areas  into  relatively  porous  and  perm¬ 
eable  host  rocks  such  as  the  diatreme.  The  minerals  were 
precipitated  within  the  diatreme  by  chemical  exhange 
between  the  fluid  and  the  wall  rock.  The  change  from 
reducing  (sulfide)  fluids  to  those  with  high  oxidation 
potential  ( specular ite-bar ite )  may  have  been  related  to 
tectonic  unloading  and  mixing  of  the  fluid  with  oxygen¬ 
ated  surface  waters.  This  change  in  chemistry  may  have 
been  accompanied  by  a  decrease  in  temperature  as  the 
system  neared  the  surface.  Corrected  fluid  inclusion 
temperatures  for  phase  IV  quartz  veins  range  from 
1 50 °C  to  179 °C . 
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A  second  and  tentative  date  of  1110  +  20  m.y.  has  been 
established  through  model  lead  dating  of  galena  from 
mineralized  zones.  This  approximates  the  age  of  a  series 
of  major  diabase  sills  in  the  East  Arm,  and  it  is  suggested 
that  this  major  magmatic  event  may  have  provided  the  heat 
necessary  to  drive  the  hydrothermal  system  responsible 
for  at  least  part  of  the  mineralization  present  in  the 
d iatreme . 
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Scope  of  Study 


The  Aristifats  deposit  is  a  mineralized  volcanic 
diatreme  cutting  Aphebian  sediments  and  volcanics  of  the 
Great  Slave  Supergroup.  The  diatreme  hosts  significant 
concentrations  of  copper,  with  lesser  lead  and  barium, 
and  minor  cobalt,  nickel  and  silver.  This  mineralization 
occurs  intermittently  in  the  diatreme  and  is  variable  in 
grade.  Deposition  from  hydrothermal  fluids  has  been 
brought  about  by  chemical  exchange  with  the  wall  rock, 
and  is  primarily  controlled  by  gross  textural  features 
related  to  the  formation  of  the  diatreme  itself.  These 
features  are  randomly  distributed,  and  the  locations  of 
potential  zones  of  interest  cannot  be  readily  predicted. 
These  factors  have  made  exploration  difficult,  and  conse¬ 
quently  the  deposit  remains  an  economically  unproven  but 
intriguing  prospect. 


The  purpose  of  this  study  is  to  document  the 
geology  of  the  Aristifats  deposit,  through  structural  and 
geological  mapping,  and  studies  of  petrography,  mineralogy 
and  chemistry.  Based  on  these  investigations,  the  nature, 
origin  and  affinity  of  both  the  diatreme  and  the  associated 
mineralization,  and  the  relationship  of  these  features  to 
the  geologic  and  tectonic  history  of  the  East  Arm  Synclin- 
orium  will  be  discussed. 

It  is  beyond  the  scope  of  this  study  to  discuss 
certain  aspects  of  geology  which  are  of  particular  inter¬ 
est  to  the  explorationist.  Consequently,  no  attempt 
has  been  made  to  correlate  or  extrapolate  drill  hole  data, 
to  speculate  on  the  configuration  of  the  diatreme  at  depth, 
or  to  establish  potential  drill  hole  locations.  Neverthe¬ 
less,  the  study  has  three  principal  applications  with 
respect  to  exploration  and  evaluation  of  the  deposit. 

(1)  It  defines  the  economic  mineralogy  and  alteration 
assemblages . 

(2)  It  defines  a  paragenetic  sequence  and  establishes  the 
relative  economic  importance  of  mineralizing  events. 

(3)  It  defines  the  factors  controlling  the  distribution 


of  mineralized  zones  in  the  diatreme. 


As  will  become  evident  in  the  following  chapters,  the 
geology  of  the  Aristifats  deposit  is  complex.  While  this 
study  has  resolved  many  of  the  major  questions,  the  inter¬ 
pretation  of  others  must  remain  to  some  extent  ambiguous. 

I I .  Location  and  Access 

The  Aristifats  deposit  is  located  near  Taltheilei 
Narrows,  immediately  north  of  the  East  Arm  of  Great  Slave 
Lake,  approximately  one  hundred  air  miles  east  of  Yellow¬ 
knife,  N.W.T.  The  deposit  lies  in  N.T.S.  75-L-12  at 
62°35'  north  latitude  and  111°33'  west  longitude  (Figure  1 

The  study  area,  which  comprises  the  mineralized  dia- 
treme  and  adjacent  environs  is  shown  in  figure  2.  Access 
to  the  property  is  by  float  or  ski-equipped  aircraft  to 
Aristifats  Lake.  In  addition,  a  large  airstrip  operated 
by  Great  Slave  Lodge  lies  approximately  two  thirds  of  a 
mile  north  of  the  diatreme  (Figure  2). 

III .  Ownersh ip 

The  Aristifats  deposit  is  currently  held  as  a  mineral 
prospect  by  Norcen  Energy  Resources  Limited  of  Calgary, 
Alberta.  The  company  holds  two  principal  blocks  of  claims 
in  the  area;  the  BBX  Group,  and  the  JDA  Group  (Figure  3). 
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The  BBX  claims  cover  the  mineralized  diatreme  which  is 
the  principal  subject  of  this  study.  The  name  "Aristifats 
prospect"  is  used  interchangeably  with  "BBX  deposit"  in 
this  thesis. 

The  JDA  group  which  was  staked  somewhat  later  than  the 
BBX  group,  covers  a  minor  copper  showing  associated  with  a 
diatreme  southwest  of  Aristifats  Lake  (Plate  1). 

IV.  Exploration  History 

Copper  and  cobalt  mineralization  was  noted  in  the  vic¬ 
inity  of  Taltheilei  Narrows  as  early  as  1899  (Bell,  Robert, 
1900,  P.  108A),  but  the  actual  date  of  discovery  of  what  is 
now  the  BBX  deposit  is  unknown. 

The  main  surface  showing,  located  at  the  southwest  end 
of  the  diatreme,  was  staked  initally  in  1948  by  private 
interests.  Since  that  time,  exploration  on  the  property 
has  been  carried  out  by  several  organizations,  including 
the  BBX  Syndicate,  Preston  East  Dome  Mines  Limited,  Colby 
Mines,  and  Great  Plains  Development  Company  of  Canada 
Ltd.  (now  Norcen  Energy  Resources  Limited).  Work  carri¬ 
ed  out  on  the  property  to  date  includes  geological  mapping, 


10 


Plate  1  View  of  the  JDA  group  looking  to  the  N.E. 
Mafic  Volcanic  pile  bordered  on  the  west  by  a  scarp 
approximately  20  metres  high. 
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trenching,  diamond  drilling,  and  IP,  magnetometer  and  soil 
geochemistry  surveys.  The  salient  aspects  of  this  work, 
which  is  chronicled  in  Appendix  1  of  this  thesis,  are 
discussed  below. 

Although  records  of  some  of  the  earlier  work  are  lim¬ 
ited,  data  are  available  for  36  diamond  drill  holes  compris¬ 
ing  a  total  drilled  depth  of  approximately  7760  feet. 

These  holes  which  range  in  depth  from  53  feet  to  800  feet, 
are  shown  on  map  3  (in  pocket). 

Prior  to  the  involvement  of  Colby  Mines  in  1972,  the 
majority  of  drill  holes  were  collared  in  the  vicinity  of 
the  main  surface  showing,  and  in  some  cases  intersected  sig¬ 
nificant  amounts  of  chalcopyrite  and  galena.  Unfortunately, 
drill  core  from  these  programs  has  been  lost,  and  core 
descriptions,  which  are  not  geologically  oriented,  are  use¬ 
ful  only  as  a  general  indication  of  the  presence  or  absence 
of  mineralization. 

Diamond  drilling  undertaken  by  Colby  Mines  in  1972  was 
based  on  the  assumption  that  the  deposit  was  stratabound 
and  dipping  in  a  southerly  direction  (Nickerson,  1970,  p.  4). 
This  drilling  program  intersected  relatively  unmineralized 
volcanics  and  sediments,  and  was  unsuccessful  except  as  a 
general  guide  in  delineating  the  boundaries  of  the  diatreme. 


Diamond  drilling  by  Great  Plains  Development  in  1975 
and  1976  was  based  on  the  premise  that  the  mineralization 
was  hosted  in  a  diatremic  breccia  pipe  (Nutter  and  Sawyer, 
1975,  pp.  66  &  77).  These  programs  were  successful  in  that 
they  further  delineated  the  boundaries  of  the  diatreme,  and 
intersected  vent  agglomerate  to  depths  of  as  much  as  450 
feet.  Significant  copper  mineralization  ( chalcopyr i te ) 
was  intersected  in  two  drill  holes  ( DDH  75-5  and  DDH  76-1). 

V.  Grades  of  Mineralization 

The  BBX  prospect  is  primarily  a  copper  deposit, 
although  significant  concentrations  of  lead  occur  locally. 
Cobalt,  nickel  and  silver  are  minor  constituents  which 
enhance  the  potential  value  of  the  mineralization.  Barite 
is  common  as  a  gangue  mineral  in  some  zones,  and  concentra¬ 
tions  of  barium  as  high  as  6.5%  have  been  recorded. 

In  addition  to  the  above,  numerous  other  elements  have 
been  detected  in  very  small  quantities.  This  diversity  is 
illustrated  in  Table  1  which  is  compiled  from  semiquanti- 
tative  spec trographic  analyses  of  selected  samples  from  the 
main  surface  showing.  This  table  clearly  illustrates  the 
relative  importance  of  copper  and  lead.  Although  the 


TABLE  1 


Compilation  of  "Epigene”  Elements  in  Samples  from  the  Main 

Surface  Showing^- 


Abundance 


Elements 


>1% 

Ti ,  Cu, 

Ba 

,  Pb 

0.1  -  1.0% 

Cr,  Th 

0.01  -  0.1% 

Li,  Bo, 

v, 

Co , 

Ni, 

Zn , 

Mo , 

W,  Tl, 

Bi 

<0 . 001% 

Ga,  Y, 

Cd, 

La , 

Ce, 

Au , 

U 

Data  from  Blackadar  and  Mclnnis,  1916,  Appendix  IX  C- 
semiquanti tat ive  spec trograph ic  analyses  of  mineraliz¬ 
ed  samples.  Elements  in  each  group  are  arranged  in 
order  of  increasing  atomic  number. 
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concentration  of  elements  in  the  table  may  vary  widely 
between  samples,  their  relative  order  of  magnitude  remains 
constant.  It  should  be  noted  that  certain  of  these 
elements  may  occur  as  accessories  in  rock-forming  minerals, 
and  hence  may  have  no  implication  with  respect  to  epigen¬ 
etic  processes.  Titanium  for  instance,  is  present  both  as 
leucoxene  associated  with  basalt  fragments,  and  as  a  hydro- 
thermal  phase  associated  with  the  mineralization. 

The  grades  of  mineralization  which  have  been  encoun¬ 
tered  in  the  deposit  are  briefly  illustrated  in  Tables  2 
and  3  . 


TABLE  2 


Grades  of  Mineralization  from  the  Main  Surface  Showing 

BBX  Diatreme^ 


Element  Abundance 


(1)  Channel  Sample  over 


30  foot  width 

Cu 

4. 

77% 

Ag 

1. 

88 

oz/ton 

Au 

0. 

02 

oz/ton 

Grab  Samples 

Cu 

2.7 

— 

6.6% 

Pb 

0.8 

- 

4.2% 

Co 

0.7 

- 

2.1% 

Ni 

0.04 

- 

1.23% 

Ag 

0.1 

— 

7.5  oz/ton 

Au 

Trace 

- 

0.2  oz/ton 

Data  compiled  from  (a)  Blackadar  and  Mclnnis,  1976 

pp.  24  &  25. 

(b)  This  Thesis,  Table  15. 
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TABLE  3 


Average  Copper  Values 

Diamond 

Interval 
114' 8" -123' 6" 

158'  -  160' 

172'  -  178*4" 

262' 6" -300' 6" 

335'  -  350' 


of  Mineralized  Intervals  from 
Drill  Hole  76-1'*' 


Length 

%  Cu 

8*10" 

1.23 

2  ' 

1 . 61 

6 ' 4" 

1.71 

38  ' 

2.24 

15' 

1.28 

Data  from  Blackadar  and  Mclnnis,  1976,  p.15. 


16 


17 


VI .  Basis  of  Study 

This  study  is  based  on  geological  mapping,  structural 
mapping,  and  sample  collection  undertaken  by  the  author 
between  June  3  and  July  2,  1978.  This  work  was  focused 
mainly  on  the  BBX  diatreme,  and  immediately  adjacent  areas. 
The  volcanic  rocks  of  the  JDA  group  were  examined  briefly, 
as  were  sediments  in  the  vicinity  of  Great  Slave  Lodge.  In 
addition,  geological  reconnaissance  of  selected  areas  of 
that  part  of  Pethei  Peninsula  (Figure  1)  south  of  Taltheilei 
Narrows  was  undertaken  for  comparative  purposes. 

Diamond  drill  core  from  exploration  programs  carried 
out  by  Great  Plains  Development  in  1975  and  1976  (particu¬ 
larly  DDH  76-1)  was  examined  in  detail  and  was  an  invalu¬ 
able  source  of  information  on  volcanic  textures,  alteration 
and  hydrothermal  mineralization. 


CHAPTER  2 

REGIONAL  GEOLOGY  AND  TECTONIC  FRAMEWORK 
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I .  Regional  Geological  Setting 

The  geology  of  the  Great  Slave  Lake  are  has  been  sum¬ 
marized  by  Hoffman  and  Henderson  (1972),  Hoffman  (1973) 
and  Hoffman  et  al,  (1974).  The  prominent  geological  fea¬ 
tures  of  the  area,  shown  in  figure  4  are  discussed  below. 

(A)  Phanerozoic  Rocks 

The  Phanerozoic  cover  west  of  Great  Slave  Lake 
comprises  relatively  thin,  subhorizontal  Paleozoic 
and  Mesozoic  sedimentary  rocks. 

( B )  Archean  Basement  Rocks 

1 .  The  Slave  Province 

The  Slave  Province  comprises  weakly  north¬ 
trending  synclinal  belts  of  Archean  supracrustal 
rocks  of  the  Yellowknife  Supergroup,  separated  by 
sialic  batholiths.  These  intrusives  range  in  age 
from  2300  to  2600  m.y. 

The  supracrustal  belts  generally  contain 
several  thousand  metres  of  basic,  submarine  lava 
flows.  These  are  overlain  by  a  thick  succession 
of  pelitic  sediments  with  greywacke  turbidites, 
and  in  places  by  minor  amounts  of  cross-bedded 
sandstone,  conglomerate,  cherty  carbonate,  and 
acid  volcanics.  These  rocks  are  pervasively 
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metamorphosed  to  greenschist  facies.  The  sedi¬ 
mentary  rocks  exhibit  penetrative  cleavage, 
and  commonly,  refolded  isoclinal  folds. 

It  has  not  been  conclusively  shown 
whether  the  belts  of  supracrustal  rocks  repre¬ 
sent  individual  depositional  troughs,  or  are 
part  of  a  much  larger  basin  which  has  been 
tectonically  fragmented. 

2 .  The  Churchill  Province 

That  part  of  the  Churchill  Province  adjacent 
to  Great  Slave  Lake  comprises  Archean  metamorphic 
rocks  which  have  generally  attained  a  higher 
degree  of  metamorphism  than  is  typical  of  the 
Slave  Province.  This  suggests  that  these  rocks 
have  undergone  greater  subsequent  uplift. 

The  Churchill  Province  rocks  have  also 
experienced  intense  cataclastic  and  retrogressive 
metamorphism  which  has  resulted  in  a  regional 
northeast-southwest  foliation. 


22 


The  complex  history  of  these  rocks  is  indi¬ 
cated  by  the  wide  range  in  radiometric  ages, 
from  1695  to  2460  m.y.  (Hoffman  and  Henderson, 
1972,  p.  7).  These  dates  generally  reflect 
deformat ional  (i.e.  shearing)  rather  than  intru¬ 
sive  events. 

( C )  Early  Proterozoic  Supracrustal  Rocks 

It  is  probable  that  Early  Proterozic  supra¬ 
crustal  rocks  once  covered  the  entire  northwestern  part 
of  the  Canadian  Shield  (figure  4),  but  they  are  now 
preserved  in  three  main  structural  basins.  These  are 
the  Epworth  Basin,  southwest  of  Coronation  Gulf,  the 
Great  Slave  Basin,  around  the  East  Arm  of  Great  Slave 
Lake,  and  the  Goulburn  Basin,  around  Bathurst  Inlet. 

The  latter  two  basins  are  associated  with  regional 
high-angle  fault  systems  -  the  Bathurst  fault  system 
of  Bathurst  Inlet,  and  the  MacDonald  fault  system  of 
Great  Slave  Lake. 

1 .  The  Coronation  Geosyncline 

During  the  early  part  of  the  Proterozic  Era, 
the  Archean  rocks  of  the  northwestern  Canadian 
Shield  formed  an  extensive  continental  platform. 
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The  Coronation  Geosyncline  (Hoffman,  1973) 
formed  along  the  western  margin  of  this  plat¬ 
form.  The  Slave  and  Bear  Provinces  represent 
the  foreland,  and  the  orogenic/batholithic  belt 
of  this  geosyncline  respectively.  The  Churchill 
Province  also  formed  part  of  the  foreland  plat¬ 
form  during  the  evolution  of  the  Coronation 
Geosyncline.  Shortly  thereafter  however,  it 
was  uplifted  and  dextrally  displaced  relative 
to  the  Slave  Province  (Hoffman  et  al,  1974, 
p.  39). 

The  Slave  Province  was  overlain  by  a  thin, 
relatively  little  deformed  cover  of  Proterozoic 
sedimentary  rock.  Thick  successions  of  sediments 
accumulated  only  in  the  Coronation  Geosyncline, 
and  in  the  Great  Slave  and  Goulburn  Basins. 
Deposition  in  the  geosyncline  is  assumed  to  have 
occurred  in  Aphebian  times,  between  2200  and 
1700  million  years  ago  (Hoffman  et  al,  1974,  p.42). 

The  prominent  tectonic  elements  of  the  Cor¬ 
onation  Geosyncline  are  shown  in  figures  4  and  5, 
and  are  discussed  below. 


Figure  5;Aphebian  tectonic  elements  of  the  Coronation 
Geosyncline.  Locations  are  GSL, Great  Slave 
Lake  ;GBL, Great  Bear  Lake  ;  CG  ,  Coronation 
Gulf. 

(After  Hoffman  and  Henderson  ,1972,  Fig  3  ) 
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(i)  The  Bear  Province 


The  Bear  Province  is  divisible  into 
three  principle  belts:  (Hoffman  et  al, 

1974  p.  39)  . 

(a)  Great  Bear  Batholith  and  Volcanic 
Belt 

This  westernmost  belt  comprises 
a  broadly  folded,  locally  metamorphosed 
series  of  acid  to  intermediate  welded 
ash-flow  tuff  and  andesite  flows,  with 
interstrat if ied  mudstone,  sandstone 
and  porphyry-pebble  conglomerate. 

These  rocks  are  intruded  by  porphvritic 
granophyric  dyke  and  sill  swarms 
related  to  epizonal  plutons  of  the 
Great  Bear  Batholith.  These  plutons 
are  co-magmatic  with  the  ash-flow  tuffs 
and  range  in  age  from  1700  to  1780  m.y. 

( b )  Hepburn  Batholith  and  Metamorphic 
Belt 

These  rocks  are  separated  from  the 
Great  Bear  Batholith  by  the  north¬ 
trending  400  km  long  Wopmay  River  fault 
of  unknown  displacement.  This  belt  com 


. 
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prises  metamorphosed  and  penetratively- 
deformed  pelites,  turbidites  and  pillow 
basalts  which  are  the  eugeosynclinal 
facies  equivalents  of  the  Epworth  Group 
(Hoffman  and  Henderson,  1972,  p.  8). 
These  rocks  are  intruded  by  porphyro- 
blastic  granodior ites  of  the  Hepburn 
Batholith,  ranging  in  age  from  1700  to 
1870  million  years  (op.  cit.  p.  8). 

(c )  Epworth  Foreland  Thrust  Belt 

This  belt  comprises  miogeosyn- 
clinal  orthoquartzite  and  dolomite 
overlain  by  eugeosynclinal  flysch. 

These  rocks  have  been  broadly  folded 
and  thrust  eastward  over  granitic 
basement. 

( ii )  The  Great  Slave  and  Goulburn  Basins 

The  rocks  of  the  Great  Slave  and  Goul¬ 
burn  Basins  are  broadly  correlative  with 
the  Epworth  Group,  but  are  deposited  in  a 
different  tectonic  setting  (Hoffman  and 
Henderson,  1972,  p.  8).  These  basins  have 


been  interpreted  as  aulacogens  related  to 
the  Coronation  geosyncline  (Hoffman,  1973), 
and  as  grabens  generated  by  transcurrent 
faulting  (Badham  1978b  p.  213). 

I I .  Geology  of  Great  Slave  Basin 

The  geology  of  Great  Slave  Basin  has  been  described 
and  discussed  by  Hoffman  (1968,  1969  and  1973)  and  Hoffman 
et  al  (1977).  The  geology  of  the  basin  has  been  mapped  in 
detail  by  Hoffman  (1977).  Alternate  theories  on  its  origin 
have  been  proposed  by  Hoffman  et  al  (1974)  and  Badham 
(1978b) . 

A.  General  Remarks  (refer  to  figure  6) 

The  East  Arm  of  Great  Slave  Lake  is  occupied  by 
more  than  50,000  feet  of  unmetamorphosed  sedimentary 
and  volcanic  rock  (Hoffman,  1968,  p.  1),  which  accumu¬ 
lated  in  a  tectonic  basin  produced  by  the  MacDonald 
fault  system.  The  sedimentary  rocks  of  the  East  Arm 
were  deposited  predominantly  in  fluviatile,  coastal 
and  shallow  marine  environments  between  approximately 
2400  and  1600  m.a.  (Badham  and  Stanworth,  1977,  p  516) 

The  Great  Slave  Basin  consists  of  a  deeply  subsid 
ing  fault-controlled  trough  in  the  south,  and  the  adja 
cent  Slave  platform  to  the  north.  Sedimentary  and 
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volcanic  rocks  in  the  basin  reached  a  great  thickness 
in  the  trough,  but  thinned  considerably  towards  the 
platform.  Changes  in  sedimentary  facies  and  thick¬ 
ness  across  the  basin  were  controlled  by  prolonged 
subsidence  in  the  trough.  The  geological  history  of 
the  East  Arm  is  dominated  by  intermittent  movements  on 
various  splays  of  the  MacDonald  fault  system  (Figure 
6,  inset).  These  movements  controlled  deposition, 
deformation  and  preservation  of  sedimentary  and  vol¬ 
canic  rocks  and  acted  as  the  locus  for  intrusion  of 
alkaline  magma  throughout  the  Aphebian  (Badham,  1978b, 
p.  201). 

The  supracrustal  rocks  within  the  trough  itself 
thicken  toward  the  southwest  and  are  broadly  folded 
about  northeast-trending  axes  and  cut  by  a  complex 
system  of  high  angle  faults  that  parallel  the  folds. 
The  overall  structural  configuration  of  the  basin  is 
that  of  an  asymetric  syncl inor ium .  On  the  north  side 
of  the  synclinorium,  gently  dipping  Aphebian  strata 
overlie  Archean  rocks  of  the  Slave  Province.  On  the 
south  side  however,  Aphebian  and  possibly  Paleoheli- 
kian  strata  are  tightly  folded  and  faulted  and  abut 
against  the  Churchill  Province  along  the  MacDonald 


fault 
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B.  Origin  of  Great  Slave  Basin 


1 .  The  Aulacogen  Model 


The  possibility  that  the  Great  Slave  and 
Goulburn  Basins  are  aulacogens  related  to  the 
Cornation  Geosyncline  was  proposed  by  Hoffman 
(1973).  This  model  was  revised  slightly  by 
Hoffman  et  al  (1974).  The  name  Athapuscow 
Aulacogen,  which  derives  from  the  aboriginal 
name  for  Great  Slave  Lake,  was  proposed  by 
Hoffman  (1973,  p.  560)  for  the  Great  Slave 
Basin . 


Aulacogens  are  defined  as: 

"long-lived,  deeply  subsiding  troughs, 
at  times  fault-bounded,  that  extend 
at  high  angles  from  geosynclines  far 
into  adjacent  foreland  platforms. 

They  are  generally  located  where 
geosynclines  make  reentrant  angles 
at  the  margins  of  the  platforms,  and 
they  gradually  die  out  towards  the 
interiors  of  the  platforms.  Their 
fill  is  contemporaneous  with,  and 
lithologically  similar  to  the  fore¬ 
land  sedimentary  wedge  of  the 
geosyncline" . 

(Hoffman  et  al,  1974,  p.  38) 

Based  predominantly  on  structural,  geochem¬ 
ical  and  geophysical  considerations,  Hoffman  et 
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al  (1974,  p.  51)  proposed  that  aulacogens  repre¬ 
sent  failed  arms  of  triple  rift  systems.  Essen¬ 
tially,  this  model  involves  the  formation  of 
domal  uplifts  related  to  plumes  of  hot  material 
beneath  continents  that  are  stationary  with 
respect  to  the  plumes.  These  domal  uplifts  break 
into  three-armed  crestal  rift  systems  dominated 
by  alkalic  volcanism.  Assuming  that  continental 
separation  occurs  along  a  belt  formed  by  two  of 
these  arms,  the  third  will  remain  as  a  transverse 
trough  located  at  a  reentrant  on  a  new  continent¬ 
al  margin. 

2 .  Permobile  Tectonics 

Based  primarily  on  structural  considerations, 
Badham  (1978b,  p.  210),  suggested  that  the  East  Arm 
graben  was  in  existence  long  before  its  supposed 
genesis  at  a  triple  junction,  and  hence  argued 
against  the  failed  arm  model  of  Hoffman  et  al.  He 
proposed  instead,  that  the  East  Arm  and  Bathurst 
grabens  are  the  result  of  a  northwesterly-directed 
compression  between  the  Superior  and  Slave  cratons, 
and  deflection  of  this  compression  along  the  rigid 
Slave  craton.  This  deflection  caused  intermittent 
and  variable  transcurrent  faulting  and  resulted  in 
formation  of  the  grabens  (op.  cit.  p.  213). 
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C .  Geological  History  of  Great  Slave  Basin 

1 .  Stratigraphy  and  Depositional  History 

The  stratigraphy  of  the  Great  Slave  Basin 
has  been  divided  into  seven  principle  groups  by 
Hoffman  (1969).  These  groups  are  shown  with 
lithologic  descriptions  in  Table  4  and  their 
stratigraphic  and  facies  relationships  are 
illustrated  in  Figure  7. 

The  Great  Slave  Basin  has  undergone  eight 
major  phases  of  sedimentation;  pre-quartzite, 
quartzite,  dolomite,  pre-flysch,  flysch,  calc- 
flysch,  molasse  and  fanglomerate  (Hoffman,  1973). 
These  phases  are  broadly  correlative  with  those 
in  the  Coronation  Geosyncline.  Their  relation 
to  geological  formations  in  the  East  Arm  is  illus¬ 
trated  in  Figure  7  and  Table  5. 

The  Wilson  Island  Group  is  limited  in  dis¬ 
tribution  (Badham,  1978b,  p.  205)  and  its  precise 
significance  is  unknown.  It  is  younger  than  the 
Archean,  and  has  attained  a  significantly  greater 
degree  of  metamorphism  than  the  Great  Slave  Super¬ 
group  which  it  unconf ormably  underlies  (Hoffman 
et  al,  1977,  p.  119).  It  has  been  proposed 
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STRATIGRAPHIC  COLUMN1 
EAST  ARM  OF  GREAT  SLAVE  LAKE 


Group 

Et-Then  Group 


Unconformity 
Christie  Bay 
Group 


Pethei  Group 


Kahochella 

Group 


Sosan  Group 


Unconformity 

Union  Island 
Group 


Unconformity  - 
Wilson  Island 
Group 


Unconformity 


Description 

A  nearly  flat-lying  sequence 
of  coarse-grained  terrigenous 
sedimentary  rocks  comprises 
flaglomerate  overlain  by 
sandstone . 


A  complex  assemblage  of  red 
beds  -  includes  red  mudstone 
with  stromatol it ic  mega¬ 
breccia,  red  laminated  and 
cross-bedded  sandstone  with 
carbonate-pebble  conglomerate, 
red  mudcracked  mudstone  with 
buff  siltstone  beds,  and  colum¬ 
nar  basalt  flows. 

Stromatol it ic  and  oolitic  lime¬ 
stone  and  dolomite,  thin  bed¬ 
ded  argillaceous  limestone 
and  mudstone,  stromatolite 
mounds  and  graded  greywacke 
beds . 

Red  and  green  fissile  mud¬ 
stone,  granular  hematitic 
ironstone  and  spherulitic 
limestone,  flat  pebble  intra- 
formational  conglomerate  and 
red  concretionary  mudstone. 
Pebbly  crossbedded  subarkose, 
stromatol it ic  limestone  and 
basalt  ash  and  lapilli-fall 
tuff  fine  cross  bedded  quartz- 
ite  and  red  platy  siltstone. 

Arkose  and  granite  rubble, 
non-stromatolitic  dolomite, 
black  mudstone,  pillow  basalt 
and  gabbro  sills,  and  cherty 
dolomite . 


Basalt  and  rhyolite  flows, 
conglomerate  containing  base¬ 
ment  clasts,  cross  bedded 
quartzite,  feldspathic 
quartzite,  dolomitic  quartz¬ 
ite,  impure  dolomite,  argilla¬ 
ceous  quartzite  and  argillite, 
porphyritic  basalt  flows. _ 

Basement  Rocks. 


^-Column  adapted  from  Hoffman,  1969,  1973  and  1977  and  Badham 
1978b. 
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TABLE  5 


Relationship 


Geological 

Group 


Et-Then 


Christie  Bay 


Pethei 


Kahochella 


Sosan 


Union  Island 


Between  Sedimentation  and  Structural  Evolution 
Great  Slave  Basin 

Phase  of  Stage  of 

Sedimentation  Structural  Evolution 


Fanglomerate 


V.  Postgeosynclinal 


IV.  Compressional 
Deformation 


Mo  1 a  s  s  e 


Cal-f lysch 


Flysch 


Pre-f lysch 


Dolomite 


Quartzite 


Pre-quartzite 


III.  Downwarping 


II.  Transitional 


I.  Graben 
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that  the  Wilson  Island  Group  was  deposited  in  a 
precursor  trough  coincident  with  the  Athapuscow 
Aulacogen.  This  early  rifting  was  separated 
from  the  main  development  of  the  aulacogen  by 
intense  myloni t izat ion  and  perhaps  thermal 
metamorphism  of  mid-Aphebian  age  (op.  cit.  p.  119). 

The  majority  of  rocks  which  outcrop  in 
Great  Slave  Basin  belong  to  the  Great  Slave 
Supergroup,  which  comprises  the  Sosan,  Kahochella, 
Pethei  and  Christie  Bay  Groups,  and  possibly  the 
Union  Island  Group. 

The  Union  Island  Group,  which  represents 
the  pre-quartzite  phase  of  deposition,  contains 
the  oldest  supracrustal  rocks  in  the  aulacogen 
that  can  be  correlated  with  rocks  in  the  Corona¬ 
tion  Geosyncline  (Hoffman  et  al,  1977,  p.  120). 

The  group  outcrops  only  around  Union  Island,  where 
it  is  gently  folded  and  preserved  in  fault  blocks 
(Badham,  1978b,  p.  208).  It  is  overlain  uncon- 
formably  by  the  Sosan  Group  (Hoffman  et  al,  1977, 
p.  120)  and  bears  little  lithologic  or  genetic 
resemblance  to  younger  rocks  (Hoffman,  1969, 
p.  444).  The  significance  of  the  Union  Island 
Group  remains  speculative,  but  it  has  been 


included  in  the  Great  Slave  Supergroup  (Badham, 
1978b,  Table  1) . 

The  rocks  of  the  Sosan  and  Kahochella  Group 
are  regarded  as  pre-orogenic  phases  of  sedimenta 
tion  within  the  Coronation  Geosyncline,  while 
those  of  the  Pethei  and  Christie  Bay  Groups  are 
thought  to  be  syn-orogenic  (Olade  and  Morton, 
p.  1111). 

The  Helikian  rocks  of  the  Et-Then  Group  lie 
unconf ormably  on  folded  rocks  of  the  Great  Slave 
Supergroup,  and  are  thought  to  represent  post 
orogenic  sedimentation  (op.  cit.,  p.  1111). 

2 .  Structural  Evolution 

The  structural  evolution  of  Great  Slave 
Basin  has  been  divided  into  five  stages  (Hoffman 
1973,  Hoffman  et  al  1974),  which  are  briefly  dis 
cussed  below.  The  relationship  between  these 
stages  and  depositional  phases  is  summarized  in 
Table  5. 

( i )  Graben  Stage 

During  this  stage,  which  includes  sedi 
mentation  in  the  pre-quartzite  through 
dolomite  phases,  the  aulacogen  was  a  narrow 
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fault-bounded  rift  valley  or  graben. 

Because  the  first  three  phases  of  deposition 
are  absent  from  the  northern  periphery  of 
the  basin,  the  graben  is  assumed  to  have  had 
elevated  margins.  Sediments  were  shed  into 
the  trough  from  these  margins. 

( i i )  Transitional  Stage 

At  the  beginning  of  the  pre-flysch 
phase,  the  aulacogen  began  to  change  charac¬ 
ter  with  the  margins  sagging  in  towards  the 
centre . 

(iii)  Downwarping  Stage 

During  this  stage,  the  flysch,  calc- 
flysch  and  molasse  phases  accumulated  in  a 
broad  synclinal  depression  centred  over  the 
aulacogen . 

( iv )  Compressional  Stage 

Following  deposition  of  the  Great  Slave 
Supergroup,  the  aulacogen  underwent  mild 
transverse  compression.  Sediments  on  the 
Slave  platform  tilted  toward  the  aulacogen, 
while  those  in  the  aulacogen  were  compressed 


into  broad  folds. 


( v)  Post  Geosynclinal  Stage 

During  the  Fanglomerate  phase  of  deposi 
tion,  the  aulacogen  again  became  an  active 
fault  zone.  These  faults  formed  a  braided 
network  having  dextral  transcurrent  and 
vertical  movement.  Fanglomerate  sedimenta¬ 
tion  of  the  Et-Then  Group,  which  unconform- 
ably  overlies  the  Great  Slave  Supergroup,  wa 
controlled  by  a  complex  pattern  of  uplifted 
and  downdropped  blocks  separated  by  these 
faults.  Sediments  were  shed  into  the  aula¬ 
cogen  mainly  from  the  La  Loche  River  uplift 
to  the  south. 

3 .  Igneous  Activity  and  Geochronology 

The  major  igneous  events  in  the  East  Arm, 
summarized  in  Table  6,  are  as  follows  (refer  to 
Figure  6  )  . 

(i)  The  Sosan  Group  is  intruded  by  mafic 
alkaline  dykes  and  diatremes  having  ages  of 
approximately  2200  m.y.  (Badham  1978b, 
p.  209).  These  are  emplaced  along  or  at 
intersections  of  major  faults,  and  are 
related  to  intrusions  along  the  north  shore. 


TABLE  6 


Major  Intrusive  Events  and  Geochronology 
Great  Slave  Basin'^ 

Dated 

Group_ Events_ Age  (m.y.  ) 


Mackenzie 

dykes 

diabase 

dykes 

1315 

diabase 

dykes 

1295 

diabase 

dykes 

1250 

Diabase 

Sills 

diabase 

sill 

1020 

Et-Then 

Group 

Revised  to  1833  m.y.  (refer  to  text,  p.41). 


1630 

1845 


187  22 

2170 

2057 

2200 


1795 

1785 


40 


41 


(ii)  The  Seton  Formation  comprises  a  var¬ 
iety  of  rock  types  including  volcanics,  iron 
formation,  and  marine  epiclastic  sediments 
(Olade  and  Morton,  p.  1111).  In  the  type 
area  on  Seton  Island,  the  volcanics  have  a 
spilitic  to  keratophyric  affinity  (op.  cit. 
p.  1110).  and  have  been  dated  at  1872  +  10 
m.y.  (Baadsgaard  et  al,  p.  1580).  This  age 

has  been  recalculated  to  1833  +  28  m.y.  us- 

8  7 

ing  a  revised  value  for  X  Rb  (Cumming, 

1980,  pers.  com.).  Other  ages  of  Seton  vol¬ 
canics  are  1804  +  23  m.y.  (Cumming,  1980) 
and  1805  +  16  m.y.  (Loveridge). 

Although  rocks  of  the  Seton  Formation 
are  the  main  volcanics  in  the  East  Arm, 
alkaline  volcanic  activity  occurred  inter¬ 
mittently  throughout  the  deposition  of  the 
Great  Slave  Supergroup. 

(iii)  Diorite  laccoliths  yielding  ages  of 
1845,  1795,  1785  and  1630  m.y.  (Hoffman, 
1969,  p.  444),  were  intruded  contemporan¬ 
eously  with,  or  after  deposition  of  the 
Christie  Bay  and  Pethei  Groups.  These  high 
level  alkaline  intrusions  are  overlain 
unconf ormably  by  the  Et-Then  Group. 


(iv)  Rocks  of  the  Et-Then  Group  are  intruded 
by  diabase  dykes  and  sills.  The  northwest¬ 
trending  dykes  are  classified  as  part  of  the 
Mackenzie  Dyke  Swarm  (Hoffman,  1969,  p.  444) 
and  show  ages  of  1315,  1295  and  1250  m.y. 

One  of  the  sills  in  the  East  Arm  has  been 
dated  at  1020  m.y.  (Hoffman,  1969,  p.  444). 
This  date  provides  a  minimum  age  for  the 
Et-Then  Group,  although  considerations  of 
regional  geology  suggest  that  the  minimum 
age  may  be  closer  to  1600  -  1700  m.y. 
(Hoffman,  1969,  p.  446). 

Ill .  Local  Geology:  Hearne  Channel  and  the  Seton  Volcanic 
Centres 

Volcanic  rocks  occurring  in  both  the  Sosan  and  Kaho- 
chella  Groups  are  known  collectively  as  the  Seton  Formation 
(Hoffman  et  al,  1977,  p.  122).  These  rocks  are  found  over 
a  wide  geographical  area,  but  are  concentrated  along  the 
MacDonald  -  Wilson  Island  Fault  (Goff  and  Scarfe,  1978, 
p.  129),  and  along  the  northwest  margin  of  the  East  Arm  (Op 
Cit.,  p.  129).  In  the  latter  location,  a  series  of  six, 
possibly  seven,  basalt  breccia  pipes  extend  in  a  linear 
south-southwest-trending  belt  from  Taltheilei  Narrows  to 
Utsingi  Point.  These  pipes  occur  along  an  old  fault  line 
bordering  the  basement  high  east  of  Taltheilei  Narrows 
(Hoffman  et  al,  1977,  p.  122).  This  fault  trends  approxi¬ 
mately  N1 8 ° E  (op.  cit..  Figure  25.3). 


The  southern  four  basalt  pipes  all  intrude  the  Gibral- 
ter  Formation  (Table  7),  which  includes  basalt  flows  at  its 
base.  At  the  top  of  the  formation,  beds  of  lapilli  tuff 
are  associated  with  green  shale  and  beds  of  red  granular 
ironstone.  It  has  been  suggested  that  these  basalt  pipes 
may  have  acted  as  feeders  to  the  upper  tuffs  (Hoffman  et 
al,  1977,  p.  125).  This  may  not  be  true  in  all  cases 
however,  as  at  least  two  of  these  pipes  also  intrude  the 
McLeod  Formation  (Hoffman,  1977,  sheet  475J). 

The  BBX  diatreme,  which  is  the  subject  of  this  study, 
is  the  northernmost  of  these  Seton  pipes,  and  intrudes 
sediments  of  the  Akaitcho  Formation.  On  the  JDA  Group  to 
the  south,  a  poorly-defined  basalt  pipe  comprises  part  of 
a  large  mafic  volcanic  pile,  and  is  also  inferred  to  have 
cut  the  Akaitcho  Formation,  although  rocks  of  this  formation 
do  not  outcrop  in  the  immediate  vicinity.  If  these  pipes 
are  the  same  age  as  those  farther  south,  they  are  more 
deeply  eroded  (Hoffman  et  al,  1977,  p.  123). 


TABLE  7 

PLATFORM  SEDIMENTS  OF  THE  GREAT  SLAVE 

SUPERGROUP1 


Group 

Formation 

Pethei 

Hearne 

(Ph) 

Wildbread 

(Pw) 

Uts ingi 

(Pu) 

Taltheilei 

(Pt) 

Douglas 

(Pd) 

Kahochella 

Charlton 

(kc ) 

McLeod 

(km) 

Gibral ter 
Ogilvie 

(kg) 

(ko) 

Sosan 

Akaitcho 

(Sa) 

Kluziai  ( Sk ) 


Lithology 

LS,  pale  gy,  v  thk  bdd,  fene¬ 
strate,  thn  stromlt  dol  bd  at 
top. 

LS,  pale  gy,  thk  fenestrate  bd 
at  base,  alternating  stromlt 
and  ool  bds  in  middle,  thk 
columnar  stromlt  bd  at  top. 

LS,  pale  gy/bn  dol  mot,  thk 
bdd,  fenestrate,  p  lam  digi¬ 
tate  to  columnar  stromlts. 

Dol,  pale  bn,  chty,  thk 
mounded  stromlts  at  base,  m 
bdd  columnar  and  undulatory 
stromlts  in  middle,  thk  colum¬ 
nar  stromlt  bd  at  top. 

Mrlst,  rd,  fis,  v  thn  calc 
lenticles,  sh  ptgs. 

Sh,  dk  gy  gn,  lam,  large 
calc  cone,  thn  grd  sltst  bds, 
locally  tuf,  bd  of  coalesced 
cone  at  top. 

Sh,  rd,  lam,  s  calc  cone, 
thn  bds  of  gran  hem  iron¬ 
stone  at  top. 

Sh,  rd,  lam,  locally  tuf. 

Sh,  dk  gy  gn,  lrg  calc  cone, 
locally  tuf. 

SS,  rd,  mica,  low-angle 
planar  xbdg,  mudcracked, 
glau,  locally  tuf,  in  pt 
intertongued/kluziai  fm. 

Qtzt,  pk  to  pale  gy ,  m 
trough  xbdg,  heavy  mnrl 
bnds,  mud  chip  egl,  locally 
tuf . 


Adapted  from  Hoffman,  1977  (common  legend  and  sheets 
475D  and  475  J)  and  Hoffman  et  al,  1974  (fig.  7) 

N.B.  Lithologic  abbreviations  are  those  used  by  Canadian 
Stratigraphic  Service  Ltd. 
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SECTION  II 


GEOLOGY  OF  THE  STUDY  AREA 
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PREFACE 


( 1 )  Mapping  Procedure 

The  study  area  is  situated  on  an  isolated  block  of 
Proterozoic  volcanics  and  platform  sediments  of  the  Great 
Slave  Supergroup.  These  rocks  are  bounded  on  the  west  by 
Archean  Basement  (Slave  Province)  and  on  the  east  by 
Taltheilei  Narrows  and  Hearne  Channel  (Plate  2).  This  Pro¬ 
terozoic  block  has  been  mapped  from  airphotographs  at  a 
scale  of  approximately  1  cm  =  0.2  km  (Map  1,  in  pocket). 

The  mineralized  diatreme  and  immediately  adjacent 
parts  of  the  BBX  property  were  geologically  mapped  on  a 
larger  scale  of  1"  =  30  m  along  a  northeast-trending  grid 
(baseline  azimuth  44°)  which  parallels  the  dominant  geolog¬ 
ical  trend  (Map  2,  in  pocket).  Grid  lines  were  established 
perpendicular  to  the  baseline  every  60  metres. 

( 2 )  Overview  of  Geology 

The  area  of  interest  (Map  2)  is  dominated  by  two  promin- 
ant  northeast-trending  ridges  which  rise  up  to  50  metres 
above  the  surrounding  muskeg  (see  frontispiece  and  plate  3). 
The  northernmost  ridge  comprises  medium  red  to  maroon- 
coloured  siltstone  and  very  fine  grained  sandstone  in  the 
west,  and  a  diabase  plug  in  the  east.  The  more  elongate 


Plate  2  View  of  Hearne  Channel  and  Pethei  Peninsula 
(background)  looking  SSW  from  the  BBX  diatreme  (top 
ridge).  Aristifats  Lake  is  in  the  right  foreground. 
Low-lying  wooded  areas  are  underlain  by  muskeg. 


Plate  3  View  of  the  BBX  group  looking 
tifats  Lake.  The  ridge  on  the  left  is 
expression  of  an  olivine  diabase  plug, 
right  is  the  diatreme. 


NNE  from  Aris 
the  surface 
That  on  the 
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southerly  ridge  is  dominated  by  the  BBX  diatreme  and  immedi 
ately  adjacent  outcrops  of  shale,  silty  shale,  and  mica¬ 
ceous  and  argillaceous  siltstone.  East  of  the  diatreme, 
this  ridge  is  largely  covered  with  overburden,  but  local 
exposures  of  mafic  tuff  and  lapilli  tuff  are  evident.  The 
volcanic  rocks  and  the  diabase  stand  out  in  marked  relief 
relative  to  the  sediments  which  are  more  recessive. 

All  rock  types  on  the  BBX  property  are  cut  by  a  vari¬ 
ety  of  quartz-carbonate  veins.  These  range  in  size  from 
less  than  1  mm  to  large  quartz  veins  up  to  one  metre  wide 
(locations  N-3,  45  and  31,  Map  2).  In  addition,  a  large 
quartz  and  quartz-carbonate  stockwork  occupies  a  linear 
zone  in  the  sediments  which  parallels  the  south  margin  of 
the  diabase  (locations  28  and  38,  Map  2).  Narrow  carbonate 
and  quartz-carbonate  veins  have  been  encountered  at  depth 
during  diamond  drilling  programs.  These  veins,  which  are 
generally  less  than  2  cm  in  width,  occur  throughout  the 
diatreme,  and  at  depths  of  as  much  as  800  feet  in  the 
sediments  ( DDH  76-1).  The  formation  of  quartz  veins 
results  in  silicif ication  of  the  adjacent  wall  rock.  This 
is  particularly  evident  in  sedimentary  rocks,  where  red 
hematitic  siltstones  are  bleached  to  pink  and  light  grey. 
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Outcrop  exposure  is  generally  restricted  to  the  ridges 
where  it  may  be  as  much  as  15%  -  20%  on  the  average.  Out¬ 
crop  exposure  elsewhere  is  minimal  due  to  the  extensive 
cover  of  muskeg  in  areas  of  low  relief,  and  occasional 
glacial  drift  (Map  1).  Glacial  debris  is  concentrated  par¬ 
ticularly  along  the  base  of  the  Archean  platform  (Map  1) 
where  it  consists  predominantly  of  hummocky  deposits  of 
sand.  East  of  Aristifats  Lake,  deposits  of  boulder  till 
and  sand  form  small  elongate  ridges. 

The  geology  of  the  BBX  property,  shown  on  Maps  1,  2 
and  3  is  discussed  in  detail  in  the  following  chapters. 


CHAPTER  3 


GEOLOGY  EXCLUSIVE  OF  THE  DIATREME 
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I . 


The  Sediments 


The  geology  of  sedimentary  rocks  in  the  study  area  is 
complex,  and  a  detailed  description  of  these  rocks  is 
beyond  the  scope  of  this  study.  The  important  lithological 
features  of  these  rocks  however,  are  summarized  on  Maps  1 
and  2 . 


It  is  assumed  that  the  majority  of  sedimentary  rocks 
exposed  on  the  BBX  property  belong  to  the  Akaitcho  Forma¬ 
tion.  This  assumption  is  based  on  regional  mapping 
carried  out  by  the  GSC  (Hoffman,  1977,  Map  475J),  during 
which  outcrops  of  red  siltstone  near  Great  Slave  Lodge 
(Location  R3,  Map  1),  and  red,  very  fine  grained  glaucon¬ 
itic  sandstone  at  the  northeast  end  of  Aristifats  Lake 
(Location  37,  Map  2,  Plate  4)  were  assigned  to  the  Akaitcho 
Formation.  On  the  basis  of  this  assumption,  the  nature  and 
occurrence  of  the  Akaitcho  Formation  in  the  study  area  is 
described  below. 

(A)  Sediments  which  outcrop  between  the  diatreme  and 
the  diabase  plug  (Map  2)  consist  of  red  hematitic 
slightly  micaceous  siltstones.  These  grade  occasion¬ 
ally  into  shales  and  very  fine  grained  sandstones. 
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Plate  4  Photomicrograph  showing  a  typical  glauconitic 
sandstone  of  the  Akaitcho  Formation.  The  sandstone  is 
very  fine  grained,  and  contains  quartz  (white) ,  glau¬ 
conite  (Khaki  green  and  brown)  and  hematite  (black). 
(Transmitted  light). 
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(B)  South  of  the  JDA  Group,  an  extensive  subcrop  of 
large  angular  sandstone  boulders  occurs  along  the 
lake  shore  bordering  Hearne  Channel  (Location  R9, 

Map  1).  This  sandstone  is  a  white  to  buff  coloured 
very  fine  grained,  medium  bedded  quartzite  with 
occasional  glauconite  and  minor  muscovite.  It  shows 
abundant  ripple  marks  and  sole  markings  and  occas¬ 
ional  flat  shale  pebble  horizons.  This  subcrop  may 
represent  the  basal  part  of  the  Akaitcho  Formation 
according  to  the  description  of  Hoffman  (1968,  p.  13). 

(C)  Sediments  of  the  Akaitcho  Formation  were  encoun¬ 
tered  to  depths  of  as  much  as  800  feet  during  diamond 
drilling  programs.  These  generally  comprise  red 
slightly  to  moderately  micaceous  siltstones  and  shales, 
and  green  to  greenish-grey  fissile  shales.  These 
rocks  are  thinly  bedded  and  are  interbedded  on  both 

a  large  and  a  small  scale.  Occasional  narrow  horizons 
of  granular  and  oolitic  hematite  occur  with  the 
red  siltstone  and  shale.  The  hematitic  horizons  are 
frequently  associated  with  pisoliths  (Dunham,  1969, 
p.  183)  of  hematite,  calcite  and  quartz  as  much  as 
2  cm  in  diameter.  The  more  hematite-rich  horizons 
are  cut  cut  by  narrow  veinlets  of  specularite.  Similar 
hematitic  horizons  outcrop  on  the  west  side  of 


Pethei  peninsula,  approximately  three  miles  south  of 
of  Taltheilei  Narrows.  Here,  these  hematitic  sediment 
are  overlain  by  grey  shales  and  are  assigned  to  the 
Ogilvie  Formation  (Hoffman,  1977,  Map  475D). 

Although  the  majority  of  sediments  which  outcrop  in 
the  study  area  are  siltstones  and  shales  of  the  Akaitcho 
Formation,  other  lithologies  are  present  around  the  perime¬ 
ter  of  the  diatreme  and  include  grey  fissile  shale  and 
siltstone,  black  shale  and  red  concretionary  shale  and 
silty  shale.  These  lithologies  are  not  consistent  with 
published  descriptions  of  the  Akaitcho  Formation  (Hoffman, 
1968,  p.  13,  and  1977  "Table  of  Formations")  and  are  tenta¬ 
tively  interpreted  as  large  blocks  of  sediment  from  up 
section,  which  have  subsided  within  the  diatreme  during  its 
formation.  The  significance  and  implications  of  this 
phenomenon  are  discussed  at  a  later  point  in  the  thesis 
(Chapter  6,  p.  165). 

Outcrops  in  question  are  as  follows: 

(A)  Locations  19  and  49  (Map  2) 

These  rocks  comprise  red  shales  and  silty  shales 
which  generally  exhibit  massive  irregular  bedding, 


but  are  occasionally  thinly  bedded  and  fissile,  with 
ripple  marks  and  desiccation  cracks.  Lenticular  shale 
concretions  up  to  approximately  5  cm  across,  occur 
in  the  more  massive  zones.  These  outcrops  are  tenta¬ 
tively  assigned  to  the  McLeod  Formation.  Outcrops 
of  similar  rock,  belonging  to  the  McLeod  Formation 
occur  on  a  small  island  in  Hearne  Channel,  approximate¬ 
ly  seven  miles  south  of  Taltheilei  Narrows  (Hoffman, 
1977,  Map  4 7 5 J ) . 

(B)  Locations  16,  18  and  21  (Map  2) 

The  large  outcrop  of  grey  fissile  shale  at  loca¬ 
tion  21  is  tentatively  assigned  to  the  Ogilive  Forma¬ 
tion  (Hoffman,  1978,  personal  communication).  Small 
outcrops  of  grey  micaceous  siltstone  and  shale  at  the 
southwest  end  of  the  diatreme  (locations  16  and  18)  may 
also  belong  to  this  formation. 

At  the  northeast  end  of  the  diatreme,  red  thinly 
bedded  shale  and  silty  shale  overlie  grey  shale 
(locations  44,  45  and  47).  At  location  48,  a  minor 
exposure  of  grey  and  black  shale  occurs  at  the  base  of 
a  large  outcrop  of  red  shale.  The  significance  of 
these  outcrops  is  unknown,  but  they  are  assumed  to 
belong  to  the  Akaitcho  Formation. 
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II .  The  Diabase 

( A )  General  Remarks 

The  mafic  intrusion  which  occupies  the  northwest 
section  of  the  BBX  property  (Map  1)  is  variable  in 
composition  and  texture,  but  can  be  generally  describ¬ 
ed  as  a  phaneritic,  medium  grained  (average  3  mm) 
olivine  diabase.  This  diabase  which  is  dark  green 
in  color,  consists  mainly  of  plagioclase,  clinopyrox- 
ene,  serpentine  (after  olivine),  chlorite  and  opaque 
minerals.  The  intrusion  exhibits  a  crude  primary 
zonation  related  to  its  cooling  history,  which 
results  in  variations  in  texture,  grain  size  and 
mineralogy.  Late-stage  deuteric  and  hydrothermal 
fluids  have  altered  the  rock  to  varying  degrees  and 
have  further  complicated  its  petrography. 

( B )  Form 

The  diabase,  as  shown  on  Map  1,  is  a  roughly 
wedge  shaped  or  teardrop  shaped  plug.  Because 
geological  contacts  are  not  exposed  in  outcrop 
however,  the  configuration  of  the  intrusion  must  be 
inferred.  The  south  boundary  of  the  diabase  is 
represented  by  a  linear  ridge  trending  71°  (az.  ),  on 
which  outcrop  is  exposed  more  or  less  continuously 


for  330  metres.  Adjacent  outcrops  of  sediment  help 


to  define 

this  boundary 

(Map  2 ) . 

The 

northern 

margin  of 

the  intrusion 

is 

thought 

to 

approximate 

the  base 

of  a  steep  slope. 

perhaps 

50 

metres  high 

on  which  several  small  outcrops  of  diabase  occur. 
The  rounded  eastern  contact  is  not  exposed,  and  i 
interpreted  entirely  from  airphotographs . 

(C)  Petrography 


f 


s 


1 .  Mineralogy 


The  following  descriptions  pertain  to  the 
relatively  unaltered  central  part  of  the  intru¬ 
sion  (refer  to  Plates  5,  6  and  7). 


( i )  Plagioclase 

Plagioclase  occurs  in  euhedral  unzoned 
laths  which  exhibit  well  defined  lamellar 
twinning  (albite).  These  are  locally  inter 
grown  and  lie  in  subparallel  orientation. 
The  feldspar  frequently  has  a  brownish  tint 
imparted  by  finely  divided  hematite.  Most 
of  the  plagioclase  has  undergone  some  alter 
ation  to  sausserite,  which  is  controlled  by 
cleavage  planes,  and  locally  occurs  as 
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Plate  5  Photomicrograph  showing  typical  olivine 
diabase  (crossed  polars) .  The  minerals  are  plag- 
ioclase  (p) ,  clinopyroxene  (c) ,  serpentine  after 
olivine  (s)  and  titaniferous  magnetite  (black) . 
Note  the  mesh  texture  in  serpentine  grains. 
(Transmitted  light.) 


-?-AaJ~.e _ -  Photomicrograph  showing  typical  olivine 

diabase  (plane  polarized  light) .  The  minerals  are 
plagioclase  (p) ,  clinopyroxene  ( c) ,  serpentine  (s) 
and  titaniferous  magnetite  (opaque) .  (Transmitted 
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Plate  7  Photomicrograph  showing  titaniferous  magne¬ 
tite  with  reticulate  texture.  Phases  are  magnetite 
(black)  and  ilmenite  which  has  altered  to  leucoxene 
(dark  brown).  (Transmitted  light.) 


Plate  8  Photomicrograph  showing  autobrecciated 
diabase.  Medium  green  lava  (L)  occupies  the 
interstices  between  hemat it ically  altered  diabase 
fragments  ( D) .  The  rock  is  cut  by  a  carbonate  vein 
(vertical,  C)  related  to  late  hydrothermal  activity. 
(Transmitted  light.) 
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minute  fibrous  radiating  aggregates.  Seri- 
cite  is  developed  locally.  The  composition 
of  the  plagioclase  has  been  determined  as 
An  39  by  the  Michel  Levy  method. 

(  ii  )  Cl inopyroxene 

The  cl inopyroxene  is  colorless  to  very 
pale  brown  in  color,  and  is  tentatively 
identified  as  augite.  The  perimeter  of  some 
grains  has  undergone  incipient  alteration 
to  uralite.  The  pale  brown  color  may  sug¬ 
gest  the  presence  of  trace  amounts  of  titan¬ 
ium,  but  may  also  be  due  to  ferric  iron 
(Moorehouse,  1959,  p.  233).  The  pyroxene 
tends  to  occur  as  isolated  subhedral  stumpy 
prisms  and  square  grains  in  the  interstices 
between  plagioclase  laths.  It  also  occurs 
in  clusters  which  may  partially  to  com¬ 
pletely  rim  altered  olivine  crystals. 
Locally,  it  exhibits  a  subophitic  texture 
with  plagioclase. 

(iii)  01 ivine  (now  altered  to  serpentine) 


Olivine  generally  occurs  as  altered. 


ovoid  to  rounded  anhedral  grains  in  the 
interstices  between  plagioclase  laths. 

A  few  relic  six  sided  grains  were  also 
noted.  The  olivine  is  pervasively  alter¬ 
ed  to  a  variety  of  minerals,  of  which  ser¬ 
pentine  is  the  most  important.  Serpentine 
commonly  exhibits  a  well-developed  mesh 
structure  along  relic  curving  fractures  in 
the  olivine.  Iddingsite  is  generally 
associated,  and  occurs  as  granular  dark 
rims  of  high  relief  around  the  perimeter 
of  the  grains.  This  may  imply  that  the 
original  olivine  was  zoned,  with  iron-rich 
rims  (Kerr,  1977,  p.  382).  In  some  instan¬ 
ces,  the  perimeter  of  the  serpentine  grains 
has  an  orangy  brown  iron-oxide  stain.  Magne 
tite  occurs  locally  as  an  alteration  pro¬ 
duct  along  relic  cracks  in  the  serpentine. 
Bowlingite  was  also  tentatively  identified 
in  one  instance. 

( iv )  Chlorite 

Chlorite  occurs  in  elongate  irregular 
to  interstitial  patches,  which  suggests 
it  is  an  alteration  product  of  glass. 


( v )  Opaques 


Titaniferous  magnetite  occurs  as  irreg 
ular  and  subhedral  tabular  grains  which 
appear  to  be  preferentially  associated  with 
serpentine  and  cl inopyroxene .  In  most 

instances,  it  occurs  as  reticulate  grains 
exhibiting  triangular  or  rhombic  patterns. 
These  are  exsolution  features  suggestive  of 
slow  cooling,  during  which  the  original 
mineral  exsolved  into  an  intergrowth  of  mag 
netite  and  ilmenite.  The  ilmenite  has  sub¬ 
sequently  altered  to  leucoxene  (Plate  7). 

( vi )  Other  Minerals 

Trace  amounts  of  biotite  and  possibly 
apatite,  and  minor  orthoclase  were  identi¬ 
fied  in  the  diabase.  Biotite  occurred  as 
a  single  slightly  elongate  ragged  grain 
which  was  highly  corroded,  and  clearly  out 
of  equilibrium  with  the  surrounding  rock. 
Orthoclase  is  probably  related  to  a  late 
hydrothermal  event,  and  is  described  at  a 
later  point  in  this  chapter  (p.  71). 


E  0. 
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Color  Index"*- 

Two  point  counts  were  carried  out  on  a  sample 
from  the  central  part  of  the  intrusion  and  are 
tabulated  below. 

Plagioclase  Clinopyroxene  Serpentine  Chlorite  Opaques  Orthoclase 

(i)  59  19  8  8  4  2 

(ii)  61  12  15  552 

These  indicate  that  the  ratio  of  feldspar  to 
mafics  plus  opaques  is  approximately  60:40,  and 
suggest  a  color  index  of  40. 

3 .  Zonat ion 

The  diabase  exhibits  a  crude  zonation  which  is 
related  to  its  cooling  history.  This  zonation  is 
expressed  through  textural  and  mineralogical  changes 
between  the  chilled  margins  and  the  more  slowly 
cooled  inner  parts  of  the  intrusion. 

Texturally,  the  centre  of  the  plug  can  be  des¬ 
cribed  as  holocrystall ine  diabasic,  and  locally  subo- 
phitic.  Plagioclase  crystals  are  generally  well 
developed  and  crudely  aligned.  Towards  the  south 


Color  index  is  defined  as  the  percentage  of  dark 
inerals  in  a  rock  (Williams,  Turner  and  Gilbert,  1954 
.  33)  . 
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contact  of  the  intrusion  however,  the  texture  becomes 
intersertal  to  hyalo-ophit ic ,  with  phenocrysts  of 
plagioclase  and  olivine  in  a  very  fine  grained  to 
glassy  groundmass  which  has  altered  largely  to  chlor¬ 
ite.  Plagioclase  in  these  zones  is  generally  in 
random  orientation  and  is  less  euhedral.  These 
features  are  consistent  with  rapid  chilling  of  the 
diabase.  In  general,  f erromagnesian  minerals  are 
less  abundant  in  chilled  zones  due  to  the  lack  of 
pyroxene  which  was  apparently  late  to  crystallize 
and  is  therefore  quenched  in  the  glass. 

Titaniferous  magnetite  is  generally  more  abun¬ 
dant  in  the  chilled  margins,  and  may  comprise  as 
much  as  10%  to  15%  of  a  given  sample.  These  opaques 
tend  to  be  more  euhedral  and  generally  non  reticu¬ 
late  in  chilled  zones.  This  further  attests  to 
rapid  cooling  along  the  margins,  during  which 
magne tite-ilmenite  phases  were  not  able  to  exsolve. 

Plagioclase  crystals  in  border  zones  exhibit  at 
least  weak  alteration  to  chlorite  which  replaces 
them  both  externally  and  along  cleavage  planes. 


To  a  lesser  extent,  this  primary  zonation  is 
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expressed  in  samples  which  approach  the  postulated 
northern  margin  of  the  intrusion.  Texturally,  these 
samples  are  somewhat  porphyritic  to  intersertal, 
with  phenocrysts  of  plagioclase  and  altered  olivine 
in  a  very  fine  grained  groundmass  of  plagioclase  and 
chlorite.  Poorly  developed  tabular  to  stubby  grains 
of  chlorite  are  probably  after  pyroxene,  and  are 
often  associated  with  altered  olivine.  As  at  the 
south  margin,  opaques  are  relatively  abundant,  and 
exsolution  textures  are  not  developed. 

4 .  Contact  Phenomena 

Immediately  along  its  south  margin,  the  diabase 
exhibits  a  well-defined  brecciated  texture,  with  angu¬ 
lar  blocks  of  reddish  diabase  in  a  featureless  dark 
green  chloritic  matrix.  The  diabase  owes  its  red 
color  to  a  fine  dusting  of  iron  oxides,  particularly 
around  the  edges  of  feldspar  grains  (Plate  8). 

In  thin  section,  the  chloritic  matrix  between 
the  diabase  fragments  is  a  porphyritic  lava  con¬ 
taining  abundant  microlites  of  untwinned  plagioclase 
in  a  groundmass  of  patchy  chlorite.  The  feldspar 
microlites  are  arranged  in  subparallel  orientation 
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(trachytic  texture)  and  exhibit  minor  alteration  to 
chlorite  and  sausserite.  Using  the  microlite  method 
for  plagioclase  determination  (Moorehouse,  1959, 
p.  55),  the  plagioclase  was  found  to  be  An  39  which 
identical  to  the  composition  of  plagioclase  in  the 
diabase  itself. 

Opaques  are  present  in  minor  amounts.  These 
have  anhedral  to  square  or  rhombic  outlines  and  are 
thought  to  be  mainly  magnetite. 

The  model  which  best  explains  these  features  is 
autobrecciat ion .  Conceivably,  stresses  related  to 
emplacement  of  the  diabase,  or  convection  currents 
within  the  magma,  caused  brecciation  of  the  chilled 
and  solidified  marginal  part  of  the  intrusion. 
Immediately  following  this  brecciation,  molten  magma 
from  adjacent  parts  of  the  intrusion  filled  these 
fractures.  Autobrecc iat ion  suggests  that  the  parent 
magma  was  highly  volatile  (Badham  1979,  p.  69). 

The  restriction  of  hematitic  alteration  to  the 
south  margin  of  the  diabase  suggests  that  it  is  a 
contact  phenomenon  related  to  the  adjacent  hematitic 


is 


sed imen ts . 
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5 .  Alteration 

( i )  Late  Magmatic  and  Deuteric  Alteration 

The  alteration  of  olivine  to  serpentine, 
iddingsite  and  magnetite  is  probably  a  late 
magmatic  event  (Moorehouse,  1959,  p.  179).  Subse¬ 
quent  deuteric  alterations  probably  include 
the  development  of  uralite,  chlorite,  sausser- 
ite  and  leucoxene. 

( i i )  Hydrothermal  Alteration 

The  diabase  has  undergone  potassium  and  car¬ 
bonate  alterations  which  are  almost  certainly 
related  to  a  late  hydrothermal  event.  These 
alteration  types  are  strongly  developed  in  the 
BBX  diatreme  where  potassium  alteration  is 
intimately  associated  with  mineralized  zones 
(refer  to  Chapter  4,  p.  108). 

In  the  diabase,  potassium  and  carbonate 
alterations  are  strongly  developed  along  the 
south  margin,  but  are  absent  from  the  interior 
of  the  intrusion.  Incipient  carbonate  altera¬ 
tion  is  also  evident  in  outcrops  which 
approach  the  postulated  northern  margin  of  the 
diabase.  These  features  suggest  that  late 
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hydrothermal  fluids  migrated  from  depth  along 
the  relatively  pervious  contact  between  the 
intrusion  and  the  country  rock. 

( a )  Potassium  Alteration 

Potassium  alteration  has  been  identi¬ 
fied  through  thin  section  studies  and 
sodium  cobalt initrite  staining  of  hand- 
specimens.  Staining  indicates  that  this  altera¬ 
tion  is  related  to  migration  of  fluids  along 
fractures  in  the  diabase,  and  is  therefore 
relatively  localized.  Altered  zones  contain 
othoclase,  sericite  and  quartz  as  significant 
phases. 

Orthoclase  occurs  as  well  developed 
rims  around  plagioclase  crystals.  These 
rims  contain  abundant  finely  divided  iron 
oxide.  Internal  replacement  of  plagio¬ 
clase  by  orthoclase  is  very  regular  and 
occurs  along  crystallographic  directions. 
Locally,  replacement  antiperthite  textures 


are  developed 


t 


72 


Sericite  is  formed  at  the  expense  of 
chlorite  and  plagioclase,  where  it  is  best 
developed  along  cleavage  planes. 

Quartz  and  minor  orthoclase  occur  as 
small  rounded  grains  in  the  angular  inter¬ 
stices  between  plagioclase  laths.  These 
grains  are  generally  very  fresh,  and  repre¬ 
sent  a  later  phase  which  veins  and  replaces, 
metasomatically  altered  feldspar. 

These  features  suggest  that  the  hydro- 
thermal  event  commenced  with  the  introduc¬ 
tion  of  potass iurn-rich  fluids  which 
sericitized  chlorite  and  plagioclase,  and 
metasomatically  altered  plagioclase  to 
orthoclase.  As  alteration  proceeded, 
quartz  and  orthoclase  crystallized  as 
discrete  phases  in  the  chloritic  inter¬ 
stices  between  plagioclase  laths. 

Minor  chalcopyrite  and  pyrite  occur 
in  the  diabase  and  are  associated  with 


potassium  alteration. 


(b)  Carbonate  Alteration 


Carbonatization  postdates  potassium 
alteration,  and  by  comparison  is  continu¬ 
ous  and  pervasive  along  the  south  margin 
of  the  diabase.  It  is  developed  to  a 
lesser  extent  along  the  north  margin. 

Carbonate  is  particularly  evident  in 
the  chloritic  groundmass,  but  is  also 
developed  to  some  extent  in  plagioclase. 

The  addition  of  CO^  has  altered  serpentine 
(after  olivine)  to  a  mixture  of  talc  and 
minor  magnesite  (Deer  Howie  and  Zussman, 
1970,  p.  5).  Carbonate  also  replaces  earlie 
hydrothermal  orthoclase  and  quartz. 

Staining  of  selected  samples  indicates 
that  the  carbonate  ranges  from  iron-free  to 
iron-rich  calcite. 

This  phase  of  alteration  does  not 
appear  to  be  associated  with  mineraliza¬ 
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6 .  Late  Veining 

A  final  pulse  of  hydrothermal  activity  is 
indicated  by  late  quartz  and  quartz-carbonate 
veins,  generally  less  than  two  cm  in  diameter, 
which  occur  occasionally  near  the  south  margin  of 
the  diabase.  Trace  amounts  of  pyrite  and  chalco- 
pyrite  are  associated  with  these  veins  (Plate  8). 

D.  Af  f ini ty 

The  diabase  plug  appears  to  be  slightly  anomalous  in 
composition.  In  particular,  the  association  of  andesine 
which  is  typical  of  andesitic  rocks,  with  olivine,  more 
typical  of  basalts  is  unusual.  Also,  the  presence  of 
apatite  (?)  with  olivine  and  pyroxene  is  uncommon.  Bio- 
tite  is  generally  not  found  in  mafic  rocks,  although  it 
may  be  quite  common  in  altered  basalts  (Moorehouse,  1959, 
p.  167). 

The  diabase  has  not  been  mapped  by  the  GSC,  but  may 
represent  an  intrusion  of  "Jackson  Gabbro  (Jg)"  (Hoffman, 
1977).  These  irregular  intrusions,  which  are  highly  vari¬ 
able  in  grain  size  and  texture,  occur  in  all  formations  of 
the  Sosan  and  Kahochella  Groups,  around  discrete  volcanic 
centres  (op.  cit. ,  "Table  of  Formations"). 


CHAPTER  4 

PETROGRAPHY  OF  THE  DIATREME 
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" Diatremes 
brecc iated 


structures  filled  with 
that  are  almost  invari- 


are  pipe-like 
country  rocks 
ably  admixed  with  juvenile,  magmatic  materials. 
They  are  formed  chiefly  by  fluidized  gas-solid 
systems  that  initially  rise  along  fissures, 
joints,  and  newly  opened  fractures.  Enlargement 
of  these  initial  channels  into  approximately 
cylindrical  pipes  results  from  spalling  and 
slumping  of  the  walls,  abrasion  and  comminution, 
and  various  kinds  of  subsidence." 


Lorenz  et  al,  1975,  p.  12. 


"Diatremes  -  a  general  term  for  a  volcanic 

vent  or  pipe  drilled  through  enclosing  rocks 
(usually  flat-lying  sedimentary  rocks)  by  the 
explosive  energy  of  gas-charged  magma." 


American  Geological  Institute,  1962 
Dictionary  of  Geological  Terms 
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I .  Form 

The  surface  expression  of  the  BBX  diatreme  is  an 

O 

elongate  resistant  ridge  trending  35  (az.  )  and  rising 
up  to  approximately  50  metres  above  the  adjacent  lands¬ 
cape.  Because  of  limited  outcrop,  the  precise  boundar¬ 
ies  of  the  diatreme  are  not  well-defined.  Topography, 
drill  hole  data  (Map  3)  and  distribution  of  adjacent 
sediments  however,  suggest  that  the  diatreme  has  a  some¬ 
what  lobate  plan.  The  vent  pinches  to  75  metres  in  the 
centre  and  forms  two  lobes  of  approximately  equal  size. 
The  more  northerly  lobe  has  a  maximum  width  of  approxi¬ 
mately  145  metres,  and  that  in  the  south  is  inferred  to 
be  approximately  165  metres  wide.  The  overall  plan  of 
the  diatreme  is  an  elongate  lobate  structure  whose  length 
(450  metres)  is  approximately  four  times  its  average 
width . 


The  diatreme  is  a  transgressive  pipe-like  body  of 
vent  agglomerate,  but  its  precise  configuration  at  depth 
cannot  be  inferred  from  limited  drill  hole  data.  It 
appears  however,  that  the  pipe  tapers  with  depth  and  that 
lobate  plan  is  continuous  in  the  subsurface  (Map  3).  The 
possibility  that  these  data  reflect  local  irregularities 
the  vent  wall  must  also  be  considered. 


in 
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I I .  General  Description 

Lithologically,  the  diatrerae  is  a  heterogeneous 
volcanic  breccia,  consisting  predominantly  of  mafic 
volcanic  fragments  which  are  juvenile,  accessory  and  acci¬ 
dental  in  origin.  Accidental  fragments  of  sedimentary  rock 
and  granitic  and  diabasic  intrusive,  derived  from  the 
adjacent  country  rock  during  formation  of  the  diatreme  are 
present  in  varying  amounts  (Plate  9).  Breccia  fragments  lie 
in  a  matrix  which  varies  widely  in  both  composition  and 
abundance.  The  variety  and  complexity  of  both  breccia  frag¬ 
ments  and  matrix  are  briefly  illustrated  in  the  following 
d iscuss ion . 

( A )  Breccia  Fragments 

Volcanic  fragments  include  glassy  lava,  more 
coarsely  crystalline  lava,  pumiceous  lava  and  vitric 
tuff.  The  edges  of  the  fragments  tend  to  be  quite 
rounded,  although  their  shapes  vary  widely  from  almost 
spherical  to  blocky  and  irregular  or  tabular.  They 
range  in  size  from  a  few  millimetres  to  several  centi¬ 
metres.  The  petrography  of  these  fragments  is  dicussed 
in  detail  in  section  III  of  this  chapter. 

Sedimentary  fragments  include  red  and  grey  shale, 
red  siltstone  and  sandstone,  granular  and  pisolithic 
hematite,  grey  chert,  and  light  grey  bedded  dolomitic 
marlstone.  These  fragments  tend  to  be  roughly  tabular. 
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Plate  9  Propyl litically  altered  diatreme  breccia. 
Volcanic  fragments  (dark  green)  and  fragments  of 
maroon  shale  and  granular  hematite  (red)  are  set  in  a 
carbonate  matrix  (brown) . 
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with  rounded  edges.  This  reflects  original  bedding. 
Harder  fragments  tend  to  be  more  angular  because  of 
their  more  brittle  nature.  Sedimentary  fragments  range 
considerably  in  size,  but  on  the  average  tend  to  be 
slightly  larger  than  the  volcanic  fragments.  Red  shale 
and  siltstone  are  particularly  abundant,  and  locally 
may  give  the  rock  a  reddish  tinge. 

Granitic  fragments  from  the  Archean  basement  are 
locally  abundant,  and  are  commonly  equid imensional  and 
rounded . 

Fragments  of  mafic  intrusive  are  relatively  minor. 
These  consist  primarily  of  medium  grained  plagioclase- 
rich  rocks  similar  to  the  border  phases  of  the  olivine 
diabase  to  the  north.  Other  fragments  comprise  coarse 
grained  plagioclase  phenocrysts  set  in  a  dark  chloritic 
matrix . 

( B )  Matrix 

The  matrix,  which  comprises  up  to  approximately 
60%  of  the  breccia,  can  be  divided  into  two  major 
groups . 

1 .  Primary  Matrix 

The  original  matrix  in  the  diatreme  is  finely 

comminuted  rock  debris  or  "rock  flour"  generated 


81 


by  abrasion  of  volcanic  and  other  fragments  during 
formation  of  the  diatreme.  This  material  is  a 
pale  brown  color  in  thin  section,  where  it  has 
not  been  extensively  altered  (Plate  10).  In  hand 
specimen  it  has  a  waxy  texture  and  a  flesh  to  pale 
pink  color. 

2 .  Secondary  Matrix 

Following  formation  of  the  diatreme,  the 
agglomerate  underwent  a  variety  of  alterations 
related  to  deuteric  and  hydrothermal  processes 
(refer  to  section  IV,  this  chapter).  Rock  flour 
is  particularly  susceptible  to  alteration,  and 
hence  occurs  rarely  in  its  original  form.  It  is 
frequently  chloritized  (Plate  11)  and  carbonatized 
(Plate  12),  and  to  a  lesser  extent  hematitized, 
sericitized  and  silicified.  Minerals  formed  in 
this  way  are  generally  very  finely  crystalline 
and  microcrystalline  and  give  the  matrix  a  waxy 
texture . 

In  addition  to  the  above  a  variety  of  miner¬ 
als  of  hydrothermal  origin  have  crystallized  as 
primary  phases  between  breccia  fragments.  These 
minerals  are  generally  finely  crystalline 
(approximately  1  to  3  mm),  and  include  carbonate, 
quartz  and  minor  potassium  feldspar. 
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Plate  10  Photomicrograph  of  diatreme  breccia  showing 
basalt  fragments  (black)  and  olivine  xenocrysts 
(green)  in  a  matrix  of  comminuted  rock  debris  (brown) . 
Rock  flour  is  relatively  unaltered.  (Transmitted 
light . ) 


Plate  11  Photomicrograph  of  diatreme  breccia  showing 
basalt  fragments,  feldspar  xenocrysts  (white)  and 
sulfides  (S)  in  a  partially  chloritized  rock  flour 
matrix  (green) .  A  late  quartz  veinlet  (Q)  with 
associated  sulfides  extends  from  the  left  to  the 
right  of  the  picture.  (Transmitted  light.) 
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Plate  12  Photomicrograph  showing  carbonatization  of 
rock  flour  in  the  matrix.  The  basalt  fragment  (at 
left)  and  the  olivine  grain,  now  altered  to  talc  (T) 
are  set  in  a  matrix  of  comminuted  rock  debris.  The 
matrix  becomes  increasingly  more  carbonatized  away 
from  the  fragments;  i.e.  unaltered  rock  debris  (1)  , 
carbonatized  rock  flour  with  abundant  impurities  (2)  , 
relatively  clean  carbonate  (3).  (Transmitted  light.) 


Plate  13  Photomicrograph  showing  basalt  fragments 
(black)  and  olivine  xenocrysts  (green)  in  a  matrix 
of  comminuted  rock  debris.  Note  the  late  tongue  of 
carbonate  (C) .  The  abrupt  contact  between  carbon¬ 
ate  and  rock  flour  suggests  that  carbonate  has 
infilled  open  spaces.  (Transmitted  light.) 
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Carbonate  is  by  far  the  major  component  of 
the  matrix  (Plate  13),  and  varies  widely  in 
composition,  with  iron-poor  and  iron-rich  calcite 
predominating  (this  chapter,  section  IV  B  l(ii). 

Quartz  may  be  clear  and  colourless,  or  tinted 
by  iron  impurities,  possibly  through  reaction  with 
adjacent  basalt  fragments.  Locally,  it  occurs  as 
hexagonal  crystals. 

Occasionally,  the  matrix  is  microcrystalline, 
and  has  a  poorly  defined  ribbon  structure,  with 
bands  of  clear  quartz  and  pink  carbonate. 

Chalcopyrite,  galena  and  barite  occur  in  the 
matrix  in  mineralized  zones. 

Ill .  Petrography  of  Volcanic  Fragments 

The  volcanic  fragments  in  the  diatreme  are  basaltic 
in  composition  and  range  from  glassy,  rapidly-chilled  dark 
lava  to  a  more  coarsely  crystalline,  lighter  colored  lava. 
These  volcanics  are  porphyritic  and  contain  plagioclase 
microlites  and  olivine  phenocrysts  set  in  a  cryptocrys¬ 
talline  to  felsitic  groundmass.  The  petrography  of  the 
volcanics  is  complicated  by  the  effects  of  devitrifica¬ 
tion  and  deuteric  and  hydrothermal  alterations  which 
have  obscured  original  textures  and  mineralogy  to  vary¬ 
ing  degrees.  The  petrography  of  the  lava  is  further 
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complicated  by  the  incorporation  of  abundant  xenocrysts; 
particulary  quartz  and  microcline,  and  occasionally 
plagioclase  and  olivine.  Many  xenocrysts  are  readily 
identifiable  by  their  irregular  fragmentary  shape.  In 
other  cases  however,  they  are  difficult  or  impossible  to 
distinguish  from  juvenile  magmatic  material. 

A .  Mineralogy 

1 .  Plagioclase 

Plagioclase  is  generally  euhedral  and 
untwinned  and  ranges  from  50  to  450  microns 
in  size,  with  an  average  of  approximately 
120  microns.  The  plagioclase  composition 
was  determined  by  the  microlite  method 
(Moorehouse,  1959,  p.  57)  from  a  population  of 
18  grains,  as  An  53. 

Plagioclase  crystals  exhibiting  lamellar 
twinning  are  commonly  irregular  and  may  be 
corroded  by  the  lava.  These  grains  are  inter¬ 
preted  as  xenocrysts.  Compositions  of  several  of 
the  more  euhedral  twinned  crystals  were  deter¬ 
mined  using  the  Michel  Levy  method  (Deer,  Howie 
and  Zussman,  1970,  p.  333,  Fig.  123)  as  An  38. 
This  composition  is  very  close  to  that  of  plagio¬ 
clase  from  the  adjacent  diabase  plug.  The  impli¬ 
cations  of  this  will  be  discussed  in  Chapter  6. 
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2 .  01 ivine 

Olivine  has  invariably  undergone  deuteric 
alteration  to  serpentine  pseudomorphs .  In 
many  instances,  iddingsite  occurs  along  relic 
curving  fractures,  or  rimming  the  phenocrysts. 
Occasionally,  the  perimeter  of  the  phenocrysts 
is  stained  an  orangy  brown  color  by  finely 
divided  iron  oxides.  Secondary  magnetite  also 
occurs  as  an  alteration  product  in  some  cases. 

3 .  Quartz  and  Microcline 

Quartz  and  microcline  are  generally 
irregular  in  shape  and  are  thought  to  be 
mainly  xenocrysts  incorporated  from  adjacent 
granitic  and  sedimentary  rocks.  In  many 
cases  however,  quartz  occurs  as  rounded  grains 
and  is  hydrothermal  in  origin.  Quartz  occas¬ 
ionally  occurs  as  regular  lath-shaped  grains 
which  suggests  that  it  has  replaced  plagioclase. 
Quartz  frequently  exhibits  undulose  extinction. 

B .  Types  of  Volcanic  Fragments 

The  volcanics  exhibit  a  wide  variety  of  textures 
which  can  be  divided  into  three  principle  groups.  It 
will  become  evident  in  the  following  discussion  that 
a  continuum  exists  between  these  extremes. 


1. 


Light  Colored  Lava  (Plate  14) 


This  lava  is  a  light  to  medium  greyish 
brown  color  and  generally  occurs  as  rounded 
to  oblong  fragments  of  various  sizes.  These 
fragments  are  often  so  highly  altered  that 
original  textures  are  difficult  to  discern. 

The  lava  is  primarily  a  very  finely 
crystalline  mosaic  of  optically  irresolvable 
grey  birefringent  material  (mainly  feldspar 
and  chlorite)  and  finely  divided  iron  oxides 
and  leucoxene.  Randomly  oriented  plagioclase 
microlites  can  be  recognized  only  occasion¬ 
ally  in  this  felsitic  groundmass.  Poorly 
defined  squarish  chlorite  patches,  possibly 
after  pyroxene  are  present  locally. 

The  texture  of  this  lava  is  best  described 
as  hyalopil it ic .  A  series  of  interconnected 
rounded  and  polygonal  structures  occur  in  the 
matrix.  These  structures  contain  radial  or  con¬ 
centric  masses  of  colorless  feebly  birefringent 
material  which  is  probably  an  intergrowth  of 
plagioclase  and  possibly  chalcedony.  This 
variolitic  texture  may  be  the  result  of  devit¬ 
rification  of  glass  around  scattered  nuclei 
or  may  have  been  formed  by  rapid  crystallization 
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Plate  14  Photomicrograph  showing  "light-colored  lava 
Tbottom- right) .  The  matrix  (yellow-brown)  comprises 
very  slightly  chloritized  rock  flour.  (Transmitted 
light . ) 


Plate  15  Photomicrograph  showing  pumiceous  lava. 

Note  glass  shards  (G)  and  sideromelane  (medium  brown) . 
The  matrix  is  carbonatized  rock  flour.  (Transmitted 
light . ) 
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of  viscous  magma  (Williams,  Turner  and  Gilbert, 
1954,  p.  24).  These  structures  are  generally 
free  of  iron  and  titanium  oxides. 

Similar  rounded  and  polygonal  structures 
are  filled  with  carbonate  and  weakly  colored 
chlorite.  The  boundaries  of  these  structures 
vary  from  diffuse  and  irregular  to  abrupt, 
and  their  precise  origin  is  unknown.  They 
may  represent  varioles  which  have  been  pref¬ 
erentially  replaced  by  chlorite  and  carbonate 
or  gas  vacuoles  which  have  been  infilled  by 
these  minerals. 

Some  basalt  fragments  have  a  medium  khaki 
color.  The  groundmass  in  these  fragments  is 
semi-opaque  and  non  birefringent  and  is  prob¬ 
ably  palagonite  formed  by  devitrification  of 
volcanic  glass  (Hatch  Wells  and  Wells,  1972, 
p.  458). 

The  light  colored  lava  is  generally  more 
coarsely  crystalline  than  other  lava  types  in 


the  diatreme. 
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2.  Pumiceous  Lava  (Plates  15,  16  and  17) 

Pumiceous,  highly  vesicular  lava  and  glass 
shards  are  present  locally  in  the  diatreme. 
These  fragments  are  generally  light  to  medium 
brown  in  color  (Plate  15)  and  have  a  refractive 
index  greater  than  1.54.  This  suggests  that 
the  glass  is  sideromelane  and  is  therefore 
nearly  anhydrous  (Williams,  Turner  and  Gilbert, 
1954,  p.  39). 

In  some  instances,  pumice  fragments  may 
be  quite  angular  (Plate  17)  and  are  inter¬ 
preted  as  accidental  or  accessory  fragments 
from  rocks  intruded  by  the  diatreme.  Gener¬ 
ally  however,  the  pumice  fragments  are  small 
highly  abraded  grains,  and  are  thought  to  be 
juvenile  in  origin.  These  grains  are  particu¬ 
larly  susceptible  to  hydrothermal  alteration 
(carbonatization ) ,  and  are  more  readily  abraded 
during  formation  of  the  diatreme.  This  is 
evidenced  by  the  fact  that  they  often  occur 
supported  in  a  matrix  of  rock  flour  which  has 
been  subsequently  carbonatized . 
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Plate  16  Photomicrograph  showing  highly  vesicular  to 
pumiceous  lava.  Basalt  is  oxidized  (brown).  (Trans¬ 
mitted  light.) 


Plate  17  Photomicrograph  showing  vesicular  glassy 
lava  set  in  a  matrix  of  carbonatized  rock  flour. 

Basalt  glass  is  altered  to  sideromelane  (light  brown) . 
The  angular  shape  may  suggest  it  is  an  accidental 
fragment  from  a  pre-existing  volcanic  pile.  Note 
sulfides  (black).  (Transmitted  light.) 
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In  some  instances,  more  massive  porphy- 
ritic  black  lava  fragments  (refer  to  section  3 
below)  may  have  pumiceous  and  highly  vesicular 
appendages  or  fringes  which  are  altered  to 
brown  s ideromelane . 

Locally,  tabular  fragments  of  vitric  tuff 
with  angular  corners  occur  in  the  diatreme. 

These  are  composed  almost  entirely  of  glass 
shards  which  are  flattened  and  compressed  para¬ 
llel  to  the  long  axis  of  the  fragment.  These 
almost  certainly  represent  bedded  tuffs  which 
were  incorporated  into  the  diatreme  from  an 
existing  volcanic  pile.  Although  they  are  now 
largely  altered  to  chlorite,  sericite  and 
pumpellyite,  their  shape  suggests  that  these 
tuffs  were  well  indurated  prior  to  their  incor¬ 
poration  in  the  diatreme. 

3.  Black  Lava  (Plates  18  and  19) 

Black  lava  is  a  relatively  minor  constitu¬ 
ent,  and  tends  to  occur  as  elongate  sinuous 
bodies  which  frequently  surround  and  embay  other 
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Plate  18  Photomicrograph  showing  black  lava  (B) 
enclosing  a  feldspar  xenocryst  (F) .  Note  pumiceous 
lava  and  matrix  of  comminuted  rock  debris.  The 
light  green  mineral  occupying  vacuoles  in  the  pum¬ 
iceous  lava  is  pumpellyite.  (Transmitted  light.) 


Plate  19  Photomicrograph  showing  black  lava  (B) 
enclosing  a  fragment  of  glauconitic  sandstone 
(bottom  of  picture) .  The  matrix  of  the  agglom¬ 
erate  is  carbonatized  rock  flour  (medium  brown) . 
(Transmitted  light.) 
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fragments  including  granite,  shale,  sandstone, 
light  colored  lava  and  pumiceous  lava. 

The  lava  consists  of  plagioclase  micro- 
lites  set  in  a  black  opaque  microcrystalline 
matrix.  In  addition  to  an  hyalopilitic  tex¬ 
ture,  the  lava  can  be  described  as  trachytic 
because  of  the  alignment  of  feldspar  laths. 
Also,  gas  vacuoles,  now  filled  with  secondary 
chlorite,  calcite  and  chalcedony  are  elongat¬ 
ed  parallel  to  the  feldspar  laths.  Both  the 
vacuoles  and  the  feldspar  laths  are  oriented 
parallel  to  the  elongation  of  the  basalt  or  to 
contacts  between  the  lava  and  the  enclosed 
fragments.  In  some  instances  these  features 
are  paralleled  by  elongate  sinuous  bodies  of 
chlorite  within  the  lava  mass.  This  probably 
represents  altered  rock  flour  incorporated 
during  formation  of  the  diatreme. 

The  above  features  suggest  that  the  black 
lava  is  a  predominantly  late  molten  phase 
which  incorporated  accessory  and  accidental 
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fragments  of  vent  and  wall  rock  during  forma¬ 
tion  of  the  diatreme.  That  it  is  more  finely 
crystalline  that  the  light  colored  lava 
implies  that  the  magma  was  rapidly  chilled. 

The  dark  color  of  this  lava  results  mainly 
from  its  relatively  fine  grain  size,  but  may 
reflect  in  part  the  failure  of  ilmenite  to 
break  down  to  leucoxene. 

C .  Metamorphic  Grade 

Pumpellyite  has  been  identified  locally  filling 
vacuoles  in  fragments  of  vesicular  basalt  (Plate  18). 
It  also  occurs  with  pumiceous  fragments  and  is  well 
developed  in  fragments  of  vitric  tuff.  Prehnite  was 
identified  in  one  instance. 

The  association  of  prehnite  and  pumpellyite 
is  characteristic  of  low  grade  metamorphism  of  mafic 
volcanic  rocks  at  low  pressures  (Winkler,  1979, 
p.  180,  181).  The  rocks  have  been  only  partially 
reconstituted  and  have  not  yet  reached  greenschist 
facies  metamorphism  as  evidenced  by  the  presence  of 
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prehnite  and  pumpellyite  (Turner,  1968,  p.  268).  The 
assemblage  chlor ite-prehnite-pumpelly ite  most  closely 
resembles  the  prehnite-pumpelly i te-metagreywacke  facies 
(op.  cit . ,  p.  266 ) . 

IV.  Alteration  Of  The  Diatreme 

A.  General  Remarks 

At  the  surface,  the  agglomerate  is  generally  dark 
green  in  color.  In  the  subsurface  however,  it  may  be 
pale  to  dark  green,  yellow-brown,  medium  brown,  khaki, 
off-white,  red  or  purple.  This  variation  is  primarily 
a  function  of  the  alteration  type,  the  intensity  of 
alteration  and  the  degree  to  which  alteration  types  are 
superimposed . 

The  study  of  alteration  assemblages  in  the 
diatreme  is  complicated  by  the  difficulty  in  distin¬ 
guishing  hydrothermal  alteration  products  from  those 
related  to  deuteric  and  metamorphic  processes. 

Minerals  such  as  carbonate  and  chlorite  are  readily 
formed  in  a  variety  of  environments  and  are  difficult 
to  relate  with  certainty  to  a  particular  event.  It 
is  apparent  from  a  variety  of  studies  that  the 
principle  alteration  types  are  propyllitization, 
potassium  alteration  and  carbonat izat ion .  Minor 
alterations  are  hema t i t i za t ion ,  silicif ication  and 


chloritization. 
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Alteration  in  the  diatreme  is  generally  restrict¬ 
ed  to  basalt  fragments  and  finely  comminuted  rock 
debris  in  the  matrix.  Accidental  fragments  of  grani¬ 
tic  and  sedimentary  rock  are  relatively  unaltered. 

B .  Me  thodology 

Alteration  assemblages  have  been  determined 
primarily  through  staining  techniques  and  X-ray 
diffractometer  studies,  supplemented  by  thin  section 
examination . 

1 .  Staining  Techniques 

(i)  For  Potassium  (Plates  20  and  21) 

A  representative  suite  of  hand  specimens 
and  thin  sections  was  stained  with  a  saturat¬ 
ed  solution  of  sodium  cobalt initrite  to  test 
for  the  presence  of  potassium  feldspar  and 
sericite.  Most  basalt  fragments  exhibit  at 
least  some  degree  of  potassium  alteration, 
although  some  are  notably  unpotassic.  Miner¬ 
alized  and  visibly  altered  portions  of  the 
diatreme  however,  are  highly  potassic.  This 
alteration  appears  to  be  related  to  narrow 
fractures  cutting  breccia  fragments.  Alter¬ 
ation  decreases  in  intensity  away  from  these 


fractures  (Plate  20). 
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Plate  20  Photomicrograph  showing  potassic  alteration 
of  the  agglomerate.  Note  the  narrow  potassic  veinlets 
(yellow) ,  and  alteration  around  the  perimeter  of 
feldspar  xenocrysts  (F) .  The  yellow  color  is  sodium 
coba ltinitr ite  stain.  (Transmitted  light.) 


Plate  21  Photomicrograph  showing  potassic  altera¬ 
tion  of  basalt  fragments.  Note  potassic  alteration 
(yellow)  of  the  perimeter  of  feldspar  xenocrysts 
(f),  and  of  the  plagioclase  microlites  in  the  lava. 
(Transmitted  light.) 
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(ii)  For  Carbonate 


A  total  of  26  carbonate  samples  were 
selected  from  the  diatreme  and  stained  to 
determine  their  composition.  The  results 
are  tabulated  below. 


Mineral _  Formula  Abundance  (%) 


Iron-free 

Calc ite 

CaCO^ 

1.9 

Iron-poor 

Calc ite 

CaC03 

with 

Fe 

32.7 

Calcite  Group 

Iron-rich 

Calc ite 

CaCO^ 

with 

Fe 

38.5 

73.1% 

Iron-free 

Dolomite 

Ca  Mg 

(C03 

)  2 

1.9 

Ferroan  Dolomite 

Ca  Mg 
with 

(CO 

Fe 

)  2 

15.3 

Dolomite  Group 

Anker ite 

Ca  (Mg 

(co3 

r  Fe ) 

*  2 

9.6 

26.8% 

2 .  X-Ray  Diffractometer  Studies 

X-ray  powder  dif f ractograms  were  run  for 
four  basalt  samples  representing  mineralized 
and  unmineralized  zones.  Phyllos il icate 
identification  was  made  according  to  the 
system  of  Hathaway,  in  which  each  sample  is 
run  four  times;  untreated,  glycolated  over¬ 
night,  heated  to  400°C  for  one  half  hour, 
and  heated  to  550°C  for  one  half  hour. 
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The  following  minerals  have  been  identified. 
(  i )  Chlorite 

In  the  two  samples  in  which  it  was 
identified,  the  mineral  was  found  to  be 
a  tr ioctahedral  chlorite,  but  the  specific 


isomorph 

is  not  well 

defined . 

The 

petrography 

of  chlorite 

in  the 

diatreme 

is  sufficiently  complex 

that  it 

would  be 

unrealistic 

to  assume  a 

specific 

compos  it 

ion  for  this 

mineral . 

(  ii )  Muscovite  (Sericite) 

Muscovite  is  restricted  to  samples 
from  potassically  altered  and  mineralized 
zones.  The  best  fitting  isomorph  of  this 
mineral  is  lithian  muscovite  (ASTM  #14-11) 

In  normal  muscovite,  lithium  substi¬ 
tutes  for  aluminum  in  the  octahedral  site. 

Up  to  approximately  3.5%  Li^O  may  enter 
the  mineral  without  altering  its  structure 
to  lepidolite  (Deer,  Howie  and  Zussman,  1970, 
p.  202).  This  mineral  may  account  for  the 
presence  of  small  but  varying  amounts  of 
lithium  in  the  diatreme  (Table  1). 
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(iii)  Silicates  and  Carbonate 

Other  minerals  identified  by  X-ray 
diffraction  are  ferroan  dolomite,  plagio- 
clase,  potassium  feldspar  and  low  quartz. 

The  precise  identity  of  the  potassium 
feldspar  is  not  clear  from  these  studies, 
which  show  it  to  be  either  iron-bearing 
orthoclase  [K(A1,  Fe^+)  SigOg]  or  microcline. 

C.  Discussion  of  Alteration  Assemblages 
1 .  Deuteric  Alteration 

(i)  Propyllitizat ion  (Plate  9) 

The  process  of  propyllitization  is 
generally  associated  with  andesitic  rocks 
(Williams,  Turner  and  Gilbert,  1954,  p.  96) 
where  it  is  ascribed  to  hydrous  carbon 
dioxide-rich  deuteric  solutions.  Propyl- 
lites,  in  their  early  stages  of  formation 
are  characterized  by  a  drab  green  color  in 
hand  specimen,  and  the  presence  of  secondary 
chlorite,  calcite,  sphene,  iron  oxides  and 
serpentine  (Williams,  Turner  and  Gilbert, 
1954,  p.  97).  Although  the  diatreme  volcan- 
ics  are  basaltic  in  composition,  the  presence 


of  chlorite,  serpentine 
ium  oxides  is  certainly 
propyllitic  assemblage, 
carbonate  may  also  be 
alteration . 

The  petrography 
diatreme  is  complex, 
matrix  at  the  expense 
rock  debris  (Plate  11) 
basalt  fragments,  and 
in  basalt  fragments, 
volcanic  glass  in  the 
fragments . 


and  iron  and  titan- 
suggestive  of  a 
At  least  some 
related  to  this 

of  chlorite  in  the 
It  develops  in  the 
of  finely  comminuted 
,  and  occurs  rimming 
infilling  vacuoles 
It  also  occurs  with 
matrix  of  basalt 


Hydrothermal  Alteration 
(i)  Potassium  Alteration 


The  term  potassium  alteration  refers  to 
all  processes  in  which  new  minerals  are 
formed  by  the  introduction  of  potassium. 
Included  under  this  heading  are  potassic 
alteration  and  sericitic  alteration.  Within 
the  limited  scope  of  this  study  however, 
these  alterations  have  not  been  specifically 
distinguished . 
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The  potassium  alteration  assemblage 
includes  potassium  feldspar,  muscovite 
[sericite,  +  lithium  (?)],  and  fine  grained 
pyrite.  Potassium  feldspar  is  developed 
both  as  a  primary  phase  and  as  a  product  of 
metasomatic  replacement  of  plagioclase. 

In  the  incipient  stages  of  alteration, 
plagioclase  is  replaced  metasomat ically  by 
potassium  feldspar.  Plagioclase  phenocrysts 
exhibit  varying  degrees  of  alteration  (Plate 
21)  . 

As  alteration  proceeds,  the  chloritic 
groundmass  of  basalt  fragments,  and  the 
chloritic  matrix  between  basalt  fragments 
is  sericitized.  This  alteration  is  illus¬ 
trated  in  the  following  schematic  reaction: 

chlorite  +  A1  +  Si  +  K  +  H+ 

2+  2  + 

muscovite  +  Fe  +  Mg  +  H^O 
Hemley,  1967,  p.  207). 

Varying  amounts  of  lithium  are  probably 
incorporated  into  the  sericite  lattice  at  this 
time.  Sericite  is  also  developed  occasionally 
in  plagioclase  phenocrysts. 


(Meyer  and 
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In  advanced  stages,  potassium  altera¬ 
tion  is  characterized  by  pervasive  serici- 
tization  and  by  the  formation  of  pyrite. 
Original  textures  are  largely  destroyed. 

In  thin  section,  these  basalt  fragments  are 
drab  khaki  green  and  brown  in  color,  and 
appear  as  semi-opaque,  homogeneous, 
optically  irresolvable  masses.  The  fragments 
have  been  completely  reconstituted  to  a  very 
fine  grained  intergrowth  assumed  to  consist 
of  sericite,  potassium  feldspar,  quartz, 
and  iron  and  titanium  oxides. 

In  intensely  altered  zones,  where 
original  phases  are  completely  modified, 
potassium  feldspar  crystallizes  as  a  primary 
mineral  in  the  matrix,  around  the  perimeter 
of  basalt  fragments,  and  in  narrow  veinlets 
crosscutting  the  breccia. 

In  hand  specimen,  basalt  fragments 
change  in  color  from  dark  green  ( Propyl 1 ites ) 
to  drab  shades  of  light  green,  light  brown, 
and  ultimately  medium  brown  as  potassium 
alteration  increases  in  intensity.  Basalt 
fragments  in  the  more  highly  altered  zones 
have  a  powdery  to  somewhat  foliated  texture. 


Ill 


Most  basalt  fragments  in  the  diatreme 
exhibit  at  least  weak  potassium  alteration. 
Basalt  fragments  in  mineralized  zones 
however,  have  undergone  moderate  to  strong 
potassium  alteration.  This  alteration  is 
therefore  intimately  associated  with  and 
characteristic  of  mineralized  zones  in  the 
diatreme.  In  general,  the  intensity  of 
potassium  alteration  is  directly  proportion¬ 
al  to  the  concentration  of  mineralization. 
This  relationship  is  discussed  further  in 
Chapter  10. 

(  i  i  )  Carbonat ization 

Carbonate  is  a  common  alteration  pro¬ 
duct,  and  may  be  associated  with  a  variety  of 
alteration  types,  including  propyll it ization 
and  potassium  alteration.  In  the  BBX  dia¬ 
treme  however,  carbonate  is  generally  a 
late  phase,  and  is  so  quantitatively 
important  that  it  has  been  established  as 
a  separate  alteration  type. 

Carbonat ization  is  related  to  a  late, 
non-mineralizing  phase  of  hydrothermal 
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activity.  This  alteration  postdates  potas¬ 
sium  alteration  and  the  main  pulse  of  min¬ 
eralization,  and  predates  the  formation  of 
quartz  and  quartz-carbonate  veins. 

Carbonate  alteration  affects  mainly 
the  basalt  fragments  and  finely  comminuted 
rock  debris  in  the  matrix.  Accidental 
fragments  of  granitic  and  sedimentary  rock 
are  also  altered  though  to  a  lesser  degree. 
Zones  which  have  undergone  pervasive 
potassium  alteration  are  generally  very 
resistant  to  carbonatization. 


Carbonate  alteration  varies  in  intens¬ 
ity,  and  locally  may  be  so  pervasive  that 
basalt  fragments  are  barely  recognizable. 
Pumice  fragments  are  particularly  suscep¬ 
tible  to  carbonate  alteration.  In  frag¬ 
ments  of  porphyritic  basalt,  carbonate 
develops  first  in  vacuoles  and  replacing 
feldspar  phenocrysts,  and  ultimately 
affects  the  entire  rock.  Serpentine  in 
carbonatized  zones  is  altered  to  a  mix¬ 
ture  of  talc  and  carbonate  (presumably 
magnesite.  Deer,  Howie  and  Zussman,  1970, 
p .  5 )  ( Plate  22 ) . 


* 
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Plate  22  Photomicrograph  shov;ing  carbonati zation  of 
olivine.  The  olivine  grain  has  been  altered  to 
serpentine  (dark  green)  by  deuteric  processes.  Strong 
carbonati zation  has  subsequently  altered  serpentine 
to  a  mixture  of  talc  (t)  and  minor  magnesite. 
(Transmitted  light.) 


114 


Finely  comminuted  rock  debris  is 
usually  highly  carbonat ized .  Carbonate  in 
these  zones  is  generally  very  finely  crys¬ 
talline,  tends  to  have  abundant  finely 
divided  impurities,  and  is  only  semi¬ 
transparent  (Plates  12  and  19).  Matrix  car¬ 
bonate  is  occasionally  fine  or  medium  crys- 
stalline,  in  which  case  it  is  relatively 
clean  and  transparent.  Vuggy  carbonate  is 
developed  locally.  These  features  suggest 
that  carbonatizat ion  commenced  with  altera¬ 
tion  of  rock  flour  and  breccia  fragments. 

As  alteration  proceeded,  carbonate  precipi¬ 
tated  as  more  coarsely  crystalline 
primary  phases  in  the  interstices  between 
breccia  fragments. 

The  presence  of  CO^  in  an  aqueous 

solution  gives  rise  to  varying  proportions 

of  carbonic  acid,  H^CO^  (Barnett  and  Wilson, 

1958,  p.  319).  Although  f^CO^  is  a  weak 

acid,  it  is  probable  that  it  results  in 

breakdown  of  basalt  fragments,  and  in  release 
2+  2+  2+ 

of  Ca  ,  Fe  and  Mg  .  The  combination  of 

2+  2+  2+ 

Ca  and  varying  amounts  of  Fe  and  Mg 

_  2 

with  CO^  results  in  the  formation  of  the 
variety  of  carbonates  present  in  the  diatreme 
(see  Table,  p.  105). 


There  is  a  possibility  that  the  change 
from  iron-poor  to  iron-rich  calcite  is 
controlled  by  the  degree  of  carbonatiza- 
tion  of  adjacent  basalt  fragments.  The 
more  highly  altered  fragments  tend  to  be 
associated  with  iron-rich  calcite,  while 
less  altered  volcanics  are  associated  with 
iron-poor  calcite. 

i )  Silicif ication 

The  BBX  diatreme  is  cut  by  numerous 
quartz-carbonate  veins  and  occasional 
quartz  veins  averaging  1  or  2  centimetres 
in  width.  Large  quartz  veins  up  to  1  metre 
wide  occur  at  several  locations  on  the 
property  (Map  2),  and  one  of  these  cuts 
the  northeast  margin  of  the  diatreme 
(location  45).  These  veins  contain  minor 
chalcopyrite  and  pyrite,  postdate  carbona- 
tization  of  the  diatreme  and  represent  the 
final  pulse  of  hydrothermal  activity.  Wall 
rock  surrounding  these  veins  has  been  sili- 
cified  to  the  point  where  it  is  either 
unidentifiable,  or  occurs  only  as  remnants. 
Where  these  veins  cut  the  Akaitcho  Formation, 


the  sediments  are  bleached. 


Other  Alteration  Types 


(i)  Hemat i tization 


Hematitic  alteration  is  localized  in 
the  diatreme,  and  is  particularly  well- 
developed  in  the  matrix  of  comminuted  rock 
debris,  and  to  a  lesser  extent  in  basalt 
fragments,  especially  along  their  margins. 
Where  it  is  well  developed,  this  alteration 
gives  the  rock  a  pronounced  reddish  color. 


The  origin  of  hematite  in  the  diatreme 
is  speculative.  Because  hematite  is  not 
spatially  related  to  mineralization  in  the 
diatreme,  a  hydrothermal  origin  is  not 
considered  probable.  A  late  oxidizing  phase 
of  hydrothermal  activity  has  affected  the 
diatreme  (Chapter  10),  but  these  zones  are 
not  hemat itically  altered. 


The  mode  of  occurrence  of  hematite, 
described  above,  suggests  that  it  may  be  the 
result  of  oxidation  of  pyroclastic  ejecta- 
menta  by  steam  during  formation  of  the 
diatreme.  Oxidation  of  magnetite  to  form 
hematite  in  this  way  is  known  as  martitiza- 
tion  (Ramdohr,  1969,  p.  907).  Implicit  in 


this  postulate  is  that  the  diatreme  was 
vented  at  the  surface  during  its  formation. 

The  present  limited  distribution  of 
hemat i tizat ion  is  thought  to  be  in  part 
original,  but  it  may  also  represent  zones 
which  for  various  reasons  have  not  undergone 
deuteric  or  hydrothermal  alteration. 

( i i )  Chlor it izat ion 

Several  features  suggest  that  the  occur¬ 
rence  of  chlorite  in  the  diatreme  is  not  due 
solely  to  deuteric  process. 

(a)  Chlorite  lines  narrow  dilatant 
fractures  which  are  generally 
filled  with  medium  crystalline 
(1-3  mm)  carbonate,  and  occasion¬ 
ally  rims  basalt  fragments  in  zones 
where  the  matrix  is  predominantly 
carbonate.  The  occurrence  of  chlor 
ite  adjacent  to  carbonate  suggests 
that  it  is  a  contact  phenomenon 
developed  in  the  presence  of 
carbonat iz ing 


solutions . 
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(b)  The  diatreme  is  cut  by  abundant 
chlorite  slips  and  shears 
( si ickens ided )  which  crosscut  both 
the  matrix  and  the  basalt  fragments 
in  zones  of  propyllitic,  potassium, 
hematitic  and  carbonate  alteration. 
Most  of  this  chlorite  probably 
postdates  the  main  mineralizing 
event  as  evidenced  by  the  fact  that 
these  shears  cut  basalt  fragments 
which  have  undergone  potassium 
alteration . 

V.  Affinity  Of  The  Diatreme 

Determination  of  the  composition  and  affinity  of  the 
diatreme  is  complicated  by  the  following  factors: 

(A)  Deuteric  and  hydrothermal  solutions  have  altered 
the  original  chemistry,  mineralogy  and  textures  of  the 
rock.  This  makes  classification  on  the  basis  of  chem¬ 
istry  or  mineralogy  unreliable.  Carbonat ization  is 
generally  so  intense  that  even  relatively  stable  trace 
elements  such  as  Ti,  Zr  and  Y  would  not  be  reliable 
ind icators . 

(B)  The  petrography  of  the  diatreme  is  complicated 
by  the  presence  of  abundant  xenocrysts  which  in  some 
cases  cannot  be  distinguished  with  certainty  from 
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juvenile  volcanic  material.  Moreover,  the  signifi¬ 
cance  of  different  lava  types  in  the  diatreme  is 
uncertain.  To  some  extent,  these  may  be  interpreted 
as  accessory  and  accidental  fragments  incorporated  into 
the  diatreme  from  adjacent  country  rock,  but  they  may 
also  represent  textural  varieties  of  lava  from  a  single 
volcanic  event.  These  uncertainties  make  selection 
of  reliable  samples  for  chemical  analysis  difficult. 

In  spite  of  these  uncertainties  however,  the 
basaltic  composition  of  the  diatreme  is  well  estab¬ 
lished  . 

The  modal  composition  of  the  lava  was  determined 
from  two  point  counts  carried  out  on  relatively 
unaltered  basalt  fragments.  The  results,  which  are 
tabulated  below,  were  determined  by  subtracting  iden¬ 
tifiable  xenocrysts  from  the  total,  and  normalizing 
the  remainder  of  100%. 


Point  Count  #1  Point  Count  #2 
Total  Normalized  Total  Normalized 
(%) _ (%)  (%) _ (%) 

Groundmass  43  49.43  44  46.81 

Plagioclase 

Microlites  24  27.59  25  26.60 

Olivine 

Phenocrysts  15  17.24  17  18.09 

Xenocrysts  13  -  6  - 

Spherul ites , 

Vacuoles  5  5.75  8  8.51 

100%  100%  100%  100% 


This  composition  is  consistent  with  that  of  a 
typical  olivine  basalt,  which  contains  20%  olivine 
phenocrysts  and  25%  plagioclase  phenocrysts  by  vol¬ 
ume  (Williams,  Turner  and  Gilbert,  1954,  p.  40). 

The  possibility  that  this  basalt  has  an  alkaline 
affinity  can  only  be  inferred.  In  the  type  area  on 
Seton  Island,  the  Seton  volcanics  are  chemically  alka¬ 
line  (Olade  and  Morton,  1972,  p.  1110). 

Alkaline  magmatism  is  characteristic  of  deep 
continental  fracture  zones,  of  which  the  East  Arm 
graben  is  an  example  (Badham,  1979,  p.  60).  The 
emplacement  of  basaltic  breccia  pipes  (Seton  volcanic 
centres)  in  the  vicinity  of  Taltheilei  Narrows  was 
controlled  by  a  major  deep-seated  fault  (p.  42,  this 
thesis).  That  this  fault  cuts  basement  rocks  is  evi¬ 
dent  from  the  presence  of  granitic  fragments  in  the 
diatreme.  It  is  probable  therefore,  that  these  dia- 
tremes  have  a  deep-seated  origin.  Most  large  clusters 
of  diatremes  are  related  to  the  rise  of  alkaline  ultra 
mafic  and  carbonatite  magmas  (Lorenz  et  al,  1975, 
p.  23).  The  juvenile  fraction  of  the  fragmental  depos 
its  of  diatremes  is  most  commonly  related  to  ultramafi 
and  alkali-basaltic  magma  (op.  cit.. 


p.  52). 


CHAPTER  5 

STRUCTURAL  GEOLOGY 
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I. 


Purpose  and  Scope  of  Study 


The  primary  purpose  of  this  study  is  to  identify 
major  structures  and  to  determine  the  factors  which  control 
significant  geologic  features;  particularly  the  diatreme, 
the  diabase  plug,  and  quartz-carbonate  veins  and  stockworks 
It  is  possible  on  this  basis  to  propose  a  tentative  chronol 
ogy  of  structural  events  in  the  area. 


The  analysis  is  based  on  measurement  of  all  well- 
defined  structures  on  the  BBX  property  and  immediately 
adjacent  areas,  with  the  exception  of  the  Archean  plat¬ 
form.  These  structures  include  bedding  planes  and 
joints,  veins,  minor  folds,  shear  zones  and  si ickens ides . 
Many  of  these  data  have  been  plotted  on  stereograms, 
and  the  resultant  structural  trends  have  been  interpreted 
in  conjunction  with  major  airphoto  lineaments  shown  in 
Figures  8  and  9. 

Structural  mapping  was  governed  by  two  principle 
1 imitations . 


A.  Because  of  the  paucity 
measurements  were  not  taken 
property.  Also,  structures 


of  outcrop,  structural 
uniformly  across  the 
are  well-developed  at 


some  outcrops  and  almost  absent  at  others.  The 
resultant  sampling  bias,  and  the  small  populations 
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©  55°  Archfan  -  Proterozoic  contact  —  Geological  contact 

(2)  50°  Diabaie  plug  -  north  margin 

(3)  35"  Diatreme,  surface  trend 
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Anticlinal  axis  inferred  from  bedding  plane  measurements 
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Low  ridges  assumed  to  be  glocial  drift 


Figure  9 
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being  studied,  limit  the  use  of  stereograms  for 
detailed  analysis. 

B.  In  general,  structural  interpretations  are 
based  on  data  from  sediments  of  the  Akaitcho 
Formation,  where  structures  are  relatively  well- 
developed  and  well-defined. 

Mapping  of  the  diatreme  was  limited  by  the 
difficulty  in  differentiating  a  wide  variety  of 
poorly-defined  structures,  including  joints, 
fractures,  small  faults,  and  various  features 
related  to  the  formation  of  the  vent  iteself. 
Structural  mapping  of  the  diabase  was  limited  to 
the  measurement  of  a  few  joint  planes,  fractures 
and  veins.  In  general,  data  from  these  intrusive 
bodies  are  used  only  to  complement  interpretations 
based  on  measurement  of  structures  in  adjacent 
sed imen ts . 

Results  of  Study 

A.  Bedding  and  Major  Folds 

The  sedimentary  rocks  discussed  in  this  study 
include  those  just  north  of  the  diatreme,  those 
around  the  perimeter  of  the  diatreme  (Map  2),  and 
those  in  the  vicinity  of  Great  Slave  Lodge  (Map  1). 
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On  the  scale  of  a  single  outcrop,  these  rocks 
are  generally  not  highly  deformed,  although  bedding 
ranges  from  steeply  dipping  to  nearly  horizontal. 
Occasionally,  the  rocks  are  plastically  deformed 
and  exhibit  small  crenulations  and  drag  folds,  in 
addition  to  the  common  presence  of  vertical  joints 
and  small  quartz-carbonate  veins. 

The  structure  of  the  sediments  is  occasionally 
complicated  by  the  presence  of  large  quartz  veins  and 
quartz-carbonate  stockworks  (p.  49,  this  thesis). 
Sedimentary  rocks  in  these  locations  are  commonly 
brecciated,  bleached  and  silicified. 

Figure  10  is  a  contoured  stereogram  contructed 
using  40  bedding  measurements.  The  diagram  shov/s  one 
well-defined  and  one  poorly-defined  great  circle 
labelled  "A"  and  "B"  respectively. 

Great  circle  A  defines  a  rounded  isoclinal  fold, 
the  axis  of  which  trends  50°  (az)  and  plunges  15°. 

A  small  anticline  paralleling  this  trend  can  be 
inferred  from  bedding  measurements  at  location  37, 
immediately  east  of  Aristifats  Lake  (Map  2).  Great 


^  ^  ra 

2-4  5-9  >10 

Percentage  of  points  per 
1%  area  of  projection 


Figure  10  Stereogram  showing  Bedding  (  40  points  ) 
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circle  B  is  less  well-defined  and  somewhat  discon¬ 
tinuous,  but  shows  a  fold  trending  16°  (az),  and 
plunging  6°.  A  small  anticline  paralleling  this 
axis  can  be  inferred  from  bedding  measurements  in  the 
vicinity  of  Great  Slave  Lodge  (Map  1).  It  is 
interesting  to  note  that  this  fold  axis  closely 
parallels  the  major  (basement?)  fault  (trend  18° 

(az))  controlling  the  emplacement  of  diatremes  in 
the  vicinity  of  Taltheilei  Narrows  (p.  42,  this 
thesis ) . 

B.  Joints 

Figure  11  (53  points)  shows  all  joints  measured 
in  the  study  area,  including  those  on  the  BBX  and 
JDA  Groups,  and  those  in  the  vicinity  of  Great  Slave 
Lodge.  Measurements  were  taken  from  sediments,  both 
diatremes,  and  the  diabase  plug.  It  can  be  inferred 
from  this  plot  that  the  majority  of  joints  have  a 
vertical  dip.  The  strike  of  the  joints  varies  widely, 
but  maxima  occur  at  132°  and  144°  (approximately 
southeast).  Less  well-defined  joint  sets  occur  at  77°, 
103°,  116°,  124°  and  168°. 


1031 


1-5  >5 

Percentage  of  points  per 
1  %  area  of  projection 

Figure  11  Stereogram  showing  all  Joints  (  53  points  ) 
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Figure  12  (26  points)  represents  only  those 
joints  measured  from  sediments  on  the  BBX  property 
and  in  the  vicinity  of  Great  Slave  Lodge.  As  in  the 
previous  case,  maxima  occur  in  a  generally  southeast 
direction  at  103°  -  90°,  122°  -  90°  and  132°  -  90°. 

In  addition,  three  minor  joint  sets  occur  at  55°  - 
90°,  79°  -  70°  NNW  and  SSE,  and  14°  -  18°  W.  Bed¬ 
ding  joints,  which  occur  occasionally  in  the  sedi¬ 
ments,  are  not  shown  on  this  stereogram.  These  joints 
are  commonly  dilatant  and  conform  precisely  to  bed¬ 
ding  planes.  Hence  their  orientation  and  configura¬ 
tion  (planar  versus  curved)  is  dependent  on  the 
intensity  of  deformation  of  the  host  rock. 

Figure  13  (15  points)  represents  only  those 
points  measured  from  the  BBX  diatreme.  It  shows  a 
well-defined  maxima  at  147°  -  90°,  and  two  less 
well-defined  joint  sets  at  79°  -  90°  and  168°  -  90°  which 
are  mutually  perpendicular. 

C .  Veins 

Quartz-carbonate  veins  are  frequently  dilatant, 
particularly  where  they  occupy  narrow  bedding  joints. 


79' 


103° 
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Percentage  of  points  per 
1%  area  of  projection 

Figure  12  Stereogram  showing  Joints  in  Sediments  (  26points) 
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Figure  14  (24  points)  shows  vein  measurements 
from  all  rock  types  in  the  study  area.  Five  direc¬ 
tions  of  veining  are  evident  at  28°  -  90°,  45°  -  80° 
SE,  71°  -  90°,  98°  -  90°  and  130°  -  90°,  with  maxi¬ 
ma  at  45°  -  80°  SE,  71°  -  90°  and  98°  -  90°. 

Figure  15  (15  points)  shows  all  veins  in  sedi¬ 
ments  on  the  BBX  Group  and  in  the  vicinity  of  Great 
Slave  Lodge,  exclusive  of  those  between  bedding 
planes.  This  figure,  which  is  very  similar  to  fig¬ 
ure  14,  shows  five  directions  of  veining  at  27°  - 
90°,  70°  -  90°,  98°  -  90°  (maxima),  121°  -  90°  and 
142°  -  90°. 

D.  Minor  Folds 

Minor  folds  occur  occasionally  in  the  study  area. 
The  seven  fold  axes  which  were  measured  are  plotted  on 
a  stereogram  in  Figure  16.  Although  these  points 
show  a  wide  scatter  consistent  with  the  structural 
complexity  of  the  area,  two  tentative  great  circles 
can  be  constructed  defining  planes  as  follows: 


1. 

St. 

154° 

dip 

42° 

NE 

2. 

St. 

32° 

dip 

63° 

SE 

* 
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These  planes  are  not  well-defined,  but  it  is 
interesting  to  note  that  their  strikes  are  roughly 
parallel  to  other  structural  features  in  the  study 
area.  Moreover,  the  intersection  of  these  planes 
trends  60°  (az)  and  hence  very  roughly  parallels  the 
orientation  of  the  major  fold  axis.  In  view  of  the 
structural  complexity  of  the  area,  it  can  be  tenta- 
ively  suggested  that  these  minor  folds  are  related 
to  the  major  folding  event,  but  that  later  structur¬ 
al  modifications  have  resulted  in  a  certain  amount 
of  scatter. 

E .  Shearing 

Slickenside  data  are  plotted  on  a  sterogram  in 
Figure  17,  and  show  a  moderately  well-defined  east- 
west  trend,  although  some  scatter  is  evident. 

II .  Discussion  of  Results 

The  study  area  is  structurally  complex,  and  shows 
evidence  of  several  periods  of  deformation.  The  struc¬ 
tures  which  have  been  observed  can  be  explained  in  terms 
of  episodic  folding  and  related  jointing.  These  struc¬ 
tures  have  been  subsequently  modified  by  the  emplacement 
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of  the  diatreme,  and  by  late  small-scale  faulting  and 
shearing . 

The  major  structural  trends  gleaned  from  sterograms 
are  summarized  in  Table  8  and  their  relation  to  major 
lineaments  is  noted.  In  constructing  this  table,  struc¬ 
tural  entities  having  the  same,  or  very  nearly  the  same 
strike  were  included  in  the  same  row.  The  small  variations 
which  do  exist  are  ascribed  to  errors  inherent  in  field 
measurements  and  in  interpreting  stereograms.  This 
table  should  be  examined  in  conjunction  with  Figure  9 
which  shows  major  airphoto  lineaments. 

It  is  apparent  from  these  data  that  structural  trends 
determined  from  stereographic  plots  of  minor  structures 
are  remarkably  consistent  with  major  lineaments  evident  on 
air  photographs.  The  majority  of  these  structures  are 
either  approximately  parallel  to,  perpendicular  to,  or 
symetrically  disposed  about  fold  axes.  The  following  ob¬ 
servations  and  conclusions  are  based  on  this  fundamental 
relationship. 

A.  Folding  along  50°  (az)  appears  to  be  the  major 
structural  feature  in  the  area,  and  many  of  the 
lineaments  in  Figure  9  parallel  this  trend.  The  fold 
axis  roughly  parallels  the  trend  of  the  East  Arm 


TABLE  8 

SUMMARY  OF  STRUCTURAL  TRENDS  FROM  STEROGRAMS 
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Synclinorium  (Figure  6),  and  closely  parallels  the 
Archean-Proterozoic  contact  north  of  Aristifats  Lake 
(Figure  8).  This  suggests  that  folding  has  taken 
place  parallel  to  the  basement  edge.  This  folding 
has  given  rise  to  several  related  structures  (Figure 
18a)  . 

1 .  Shear  Fractures 

Major  lineaments  trending  at  approximately 
71°  and  35°  (az)  are  symetrically  disposed 
about  the  fold  axis  and  are  interpreted  as 
conjugate  shear  fractures.  The  strain  axes 
resulting  in  these  shears  would  be  oriented 
as  follows  (Billings,  1972,  p.  166): 

(i)  Greatest  Strain  Axis  -  -  NW-SE. 

(ii)  Intermediate  Strain  Axis  -  -  vertical, 

(iii)  Least  Strain  Axis  -  -  NE-SW. 

Shear  fractures  may  form  in  several  ways 
(op.  cit.,  p.  166),  but  in  the  present  case  their 
symetrical  orientation  about  the  fold  axis 
suggests  that  they  were  formed  by  compression 
along  or  perpendicular  to  the  axis  of  the 


East  Arm  Orogen 
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2 .  Extension  Joints 

A  series  of  veins  and  joints  (^144°-90°) 
which  are  approximately  perpendicular  to  the 
fold  axis  are  interpreted  as  extension  joints. 
These  joints  are  common  in  orogenic  belts  and 
result  from  slight  elongation  parallel  to  the 
axis  of  folds  (Billings,  1972,  p.  168). 

3 .  Release  Joints 

Minor  joints  (55°-90°)  roughly  parallel 
to  the  fold  axis  are  interpreted  as  release 
joints  formed  perpendicular  to  the  axis  of 
compression  when  the  load  is  released. 

B.  A  lesser  system  of  folds  trends  16°  (az)  (Figure 
18b).  Joints  and  veins  trending  103°-90°  and  98°-90° 
are  approximately  perpendicular  to  this  trend  and  are 
interpreted  as  extension  joints.  A  minor  set  of 
shallow-dipping  joints  (14°-18°W)  which  strike  approxi¬ 
mately  parallel  to  the  fold  can  be  interpreted  as 
shear  joints  developed  during  folding,  under  condi¬ 
tions  where  the  easiest  relief  was  upwards  (Billings, 
1972,  p.  169).  This  suggests  that  the  least  principle 
stress  is  vertical,  and  that  folding  along  16°  (az) 
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took  place  relatively  near  the  surface.  The  fact 
that  this  comparatively  minor  phase  of  folding  par¬ 
allels  a  major  (basement?)  fault  (p.  128,  this  thesis), 
suggests  that  it  is  related  to  movement  along  this 
fault.  It  is  tentatively  proposed  that  this  fold¬ 
ing  followed  a  period  of  uplift,  and  postdated 
major  folding  along  50°  (az). 

C.  Joints  and  veins  ranging  from  116°-90°  to 
132°-90°  are  roughly  perpendicular  to  the  axis  of 
the  diatreme.  These  fractures  also  occupy  an  inter¬ 
mediate  zone  between  extension  joints  related  to 
folding  along  axes  of  50°  and  16°.  These  features 
may  be  interpreted  as  extension  joints  related  to 
folding,  or  as  fractures  related  to  the  formation 

of  the  diatreme  by  an  explosive  mechanism.  Because 
of  the  elongate  form  of  the  diatreme,  these  frac¬ 
tures  would  tend  to  extend  away  from  the  source  at 
approximately  90°,  rather  than  in  a  radial  pattern. 

D.  Joint  sets  at  79°  and  168°,  which  are  mutually 
perpendicular,  may  have  been  developed  in  response 

to  a  shearing  couple  established  approximately  paral¬ 
lel  to  the  major  shear  fracture  formed  along  71°  (az). 
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In  support  of  this  hypothesis  is  the  fact  that  large 
quartz  veins  in  trench  5  are  si  ickensided,  with  a 
plunge  of  approximately  11°W.  These  slickensides 
are  consistent  with  shearing  in  a  lateral  rather 
than  a  vertical  sense,  and  indicate  that  shearing 
postdated  the  formation  of  the  large  quartz  veins 
at  this  location. 

IV.  Structural  Control  of  Igneous  and  Hydrothermal 
Activity 


Having  tentatively  determined  the  nature  of  promi¬ 
nent  structures  in  the  study  area,  it  is  possible  to 
discuss  the  factors  controlling  major  geological  fea¬ 
tures.  Of  particular  interest  are  the  diatreme,  the 
diabase  plug,  and  quartz-carbonate  veins  and  stockworks. 


A.  The  Diatreme 


The  BBX  diatreme  is  one  of 
canic  centres  occurring  along  a 
18°  (az)  (p.  42,  this  thesis), 

ably  controlled  the  movement  of 
beneath  the  Archean-Proterozoic 
this  unconformity  however,  the 


several  Seton  vol- 
major  fault  trending 
This  fault  presum- 
alkaline  magma 
unconformity.  Above 
emplacement  of  the 
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diatreme  (axis  trend  35°  az )  was  evidently  controlled 
by  one  of  a  conjugate  set  of  shear  fractures  related 
to  a  major  phase  of  compress ional  folding  (axis  50° 
az ) .  This  is  consistent  with  the  observation  that 
the  major  diameters  of  diatremes  generally  follow 
lines  of  structural  weakness  in  the  roof  rocks 
(Lorenz  et  al,  1975,  p.  57).  The  following  impli¬ 
cations  arise  from  this  assumption. 

1.  The  shear  fractures  are  major  structural 
features,  presumably  extending  to  basement. 

2.  The  diatreme  was  emplaced  prior  to  move¬ 
ment  along  the  basement  fault,  and  hence  pre¬ 
ceded  the  minor  phase  of  folding  (axis  16°  az ) 
related  to  this  movement.  If  this  were  not  the 
case,  and  the  fault  did  affect  the  Proterozoic 
succession,  it  is  probable  that  the  diatreme 
would  have  been  emplaced  along  zones  of  weakness 
related  to  the  fault  (i.e.  18°  az  )  . 

B .  The  Diabase  Plug 

The  northern  margin  of  the  diabase  is  not  well 
defined  (p.  58,  this  thesis),  but  its  abrupt  linear 
south  margin  corresponds  to  the  major  shear  fracture 
trending  71°  az .  This  fracture  and  its  conjugate  (35° 
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az)  have  controlled  the  emplacement  of  the  diabase  and 
the  diatreme  respectively.  The  north  margin  of  the 
diabase  is  presumably  controlled  by  the  Archean- 
Proterozoic  contact. 

C .  Quartz-Carbonate  Veins  and  Stockworks 

The  occurrence  of  quartz-carbonate  veins  in 
the  study  area  is  complex.  Although  they  are  a  pre¬ 
dominantly  late  feature,  there  is  no  reason  to 
suggest  that  they  were  all  formed  contemporaneously. 
Indeed,  structural  evidence  suggests  that  their 
formation  may  have  been  episodic.  This  observation 
is  supported  to  some  extent  by  the  wide  range  in  the 
composition  of  the  veins  and  stockworks  along  a 
continuum  between  pure  quartz  and  pure  carbonate. 
Attempts  to  determine  the  order  in  which  quartz  and 
carbonate  were  deposited,  on  the  basis  of  their 
relationship  in  outcrop,  were  unsuccessful  and  the 
results  ambiguous.  Several  stages  of  carbonate 
veining,  separated  by  intervals  of  brecciation,  can 
be  inferred  from  drill  core,  particularly  where  these 
veins  cut  sedimentary  rocks  ( DDH  76-1). 

In  spite  of  these  complexities,  the  structural 
control  of  veins  and  stockworks  is  well-defined. 
Examples  of  this  control,  and  implications  regarding 


the  structural  history  of  the  area  are  discussed 
below . 

1.  It  can  be  inferred  from  Table  8  that  minor 
quartz-carbonate  veins  preferentially  occupy 
joints  and  fractures  trending  in  a  NW-SE  direc¬ 
tion.  These  features  are  extension  joints 
related  to  folding,  and  fractures  related  to 
the  formation  of  the  diatreme.  It  is  probable 
that  this  preferential  veining  is  the  result 

of  better  access  to  these  zones  by  hydrothermal 
fluids.  It  is  proposed  that  this  access  was 
affected  through  late  tectonism  which  caused  the 
folds  to  plunge  to  the  northeast,  and  exerted 
tensions  which  dilated  these  joints.  In  support 
of  this  postulate  is  that  the  major  joint  set  in 
the  diatreme  (147°  az)  parallels  one  of  these 
extension  joints,  and  presumably  developed  par¬ 
allel  to  an  existing  zone  of  weakness  in  respons 
to  a  late  tectonic  event. 

2.  A  prominent  set  of  steeply  dipping  quartz- 
carbonate  veins  (45°-80°  SE)  closely  parallels 
the  major  fold  axis,  and  is  probably  controlled 
by  release  joints  related  to  this  structure. 
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3.  Major  quartz-carbonate  stockworks  immedi¬ 
ately  south  of  the  diabase  plug  have  an  overall 
trend  of  71°,  which  suggests  that  they  are 
controlled  by  a  shear  fracture  associated  with 
the  major  phase  of  folding.  Within  these  stock- 
works  however,  quartz  veins  show  a  variety  of 
orientations,  and  in  some  cases  parallel  known 
directions  of  jointing.  These  features  suggest 
that  the  shear  fracture  is  the  major  factor 
controlling  formation  of  the  stockwork,  but 
that  the  veins  themselves  are  controlled  by 
smaller  features  such  as  joint  planes.  It  can 
be  inferred  from  this,  that  the  shear  fracture 
is  a  major,  probably  deep-seated  structure 
which  has  acted  as  the  principle  locus  of  move¬ 
ment  for  hydrothermal  fluids. 

4.  Giant  quartz  veins  exhibiting  a  meandering 
or  irregular  trend  occur  in  two  locations  to  the 
northeast  of  the  diatreme.  These  unusal  fea¬ 
tures  appear  to  be  controlled  by  the  intersec¬ 
tion  of  existing  zones  of  weakness.  The  large 
vein  cutting  tuffs  northeast  of  the  diatreme  for 
example,  fluctuates  between  approximately  30° 
and  50°,  and  is  presumably  controlled  variously 
by  shear  fractures  and  release  joints  related  to 
the  major  fold  system. 


5.  The  occurrence  of  dilatant  quartz  veins  in 
bedding  joints  is  of  considerable  interest. 

These  joints  were  presumably  formed  during  tec¬ 
tonic  uplift  in  response  to  residual  stresses 
generated  during  deformation  at  deep  levels. 
Implicit  in  this  model  is  that  the  quartz  veins 
occupying  these  joints  were  formed  relatively 
near  the  surface. 

6.  Pronounced  quartz  veining  in  the  vicinity 
of  Great  Slave  Lodge,  and  small  quartz-carbonate 
veins  cutting  volcanics  of  the  JDA  group  have 

an  east-west  orientation,  and  are  probably  con¬ 
trolled  by  late  shear  planes  having  this  atti¬ 
tude  . 

V.  Chronology 

Based  on  the  foregoing  discussion,  it  is  possible 
to  propose  a  tentative  chronology  of  structural  events. 
Although  some  events  cannot  be  placed  with  certainty,  and 
the  chronology  is  somewhat  intuitive,  it  conforms  gener¬ 
ally  to  the  def ormat ional  history  of  the  Great  Slave  Basin. 
This  deformation  involved  compression  of  sediments  into 
broad  folds,  followed  by  uplifting  and  down-dropping  of 
blocks,  and  transcurrent  faulting  (pp.  37,  this  thesis). 
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The  proposed  structural  history  of  the  study  area 
is  as  follows: 

A.  Compress ional  folding  parallel  to  the  basement 
edge  (axis  50°  az )  . 

This  major  event  probably  corresponds  to  the 
Compress ional  Stage  of  structural  evolution  of  the 
Great  Slave  Basin  (p.  38,  this  thesis). 

B.  Emplacement  of  the  diatreme  and  the  diabase 
along  major  zones  of  weakness;  specifically,  shear 
fractures  related  to  major  compress ional  folding. 

[The  temporal  relationship  between  the  diabase 
and  the  diatreme  is  discussed  at  a  later  point  in 
this  thesis  (p.  184)]. 

C.  Uplift  related  to  movement  along  a  major  deep- 
seated  (basement?)  fault  (18°  az ) ,  and  related 
minor  folding  (axis  16°  az )  . 

D.  Continued  uplift  and  slight  tilting  to  the 
northeast . 

Dilatant  zones  opened  along  extension  joints 
in  response  to  this  tilting.  The  relief  of  suffi¬ 
cient  overburden  pressure  resulted  in  the  dilation 
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of  bedding  joints. 

E.  Quartz-carbonate  Veining 

Hydrothermal  activity  resulted  in  the 
formation  of  minor  quartz-carbonate  veins  in 
dilatant  zones,  particularly  bedding  joints 
and  extension  joints.  Major  quartz  veins  and 
quartz-carbonate  stockworks  on  the  BBX  prop¬ 
erty  were  also  formed  at  this  time. 

F.  Small  Scale  Shearing 

This  shearing  took  place  along  two 
principle  directions;  approximately  90°  (az), 
and  approximately  78°  (az)  [roughly  parallelling 
the  major  shear  fracture  at  71° (az)].  This  event 
postdated  major  quartz  veins  at  locations  31  and  45 
(Map  2),  as  evidenced  by  the  presence  of  slick- 
ensides  on  these  veins.  Although  no  major  movement 
is  indicated,  strain  was  sufficiently  large  to 
cause  two  mutually  perpendicular  vertical  joint 
sets  at  79°  and  168°. 

G.  Renewed  Hydrothermal  Activity 

This  resulted  in  the  formation  of 
quartz-carbonate  veins,  predominantly  in  an 
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east-west  direction.  Veins  having  this  orien¬ 
tation  occur  in  the  vicinity  of  Great  Slave 
Lodge  and  cutting  volcanics  of  the  JDA  group 
south  of  Aristifats  Lake. 

H.  Minor  Shearing 

The  effect  of  late  small  scale  shearing 
is  particularly  evident  in  the  diatreme,  where 
numerous  chloritic  slips  and  shears  are  develop¬ 
ed.  These  are  presumably  formed  on  a  local 
scale  in  response  to  late  tectonic  stresses 
(p.  118,  this  thesis). 

VI .  Conclusions 

The  postulated  control  of  the  diabase,  the  diatreme, 
and  major  quartz-carbonate  stockworks  by  shear  fractures 
related  to  compress ional  folding  at  deep  levels,  suggests 
that  these  features  are  of  fundamental  importance  to  our 
understanding  of  the  geologic  history  of  the  study  area. 
Presumably,  these  are  major  zones  of  structural  weakness 
which  extend  to  the  basement.  The  conjugate  fractures 
have  acted  as  the  major  locus  for  emplacement  of  volcanic  and 
hypabyssal  rocks,  and  appear  to  have  been  a  major  factor  con¬ 
trolling  the  migration  of  hydrothermal  fluids.  This  is 
evidenced  by  the  following  features: 
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A.  Significant  mineralization,  associated  with 
strong  potassium  alteration  occurs  in  the 
diatreme  (Chapter  10,  this  thesis). 

B.  Minor  chalcopyrite  associated  with  incipient 
potassium  alteration  occurs  along  the  south 
margin  of  the  diabase  plug  (71°  az)  (p.  72, 
this  thesis ) . 

C.  A  late  stage  of  carbonat ization  has  strongly 
affected  both  the  diatreme,  and  the  south  margin 
of  the  diabase  plug. 

D.  Major  quartz-carbonate  stockworks  occur  along 
71°  (az)  -  trending  shear  fractures. 


CHAPTER  6 


NATURE  AND  ORIGIN  OF  THE  DIATREME 
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I .  General  Remarks 

The  volcanics  in  the  diatreme  exhibit  a  variety  of 
textural  and  structural  features  which  provide  clues  as  to 
its  origin.  The  purpose  of  this  chapter  is  to  describe 
these  features  and  to  discuss  their  implications  regarding 
the  formation  of  the  diatreme. 

It  is  evident  that  the  BBX  diatreme  has  undergone  a 
complex  eruptive  history,  involving  at  least  two  pulses  of 
volcanism.  The  process  of  fluidization  played  an  important 
role  in  formation  of  the  diatreme,  and  resulted  in  a  variety 
of  textures  and  structures  both  within  the  volcanics  and  in 
the  adjacent  sediments. 

Several  textures  in  the  diatreme  suggest  that  it  orig¬ 
inated  primarily  by  way  of  a  phreatomagrnat ic  eruption, 
brought  about  by  contact  of  magma  with  water-saturated  sedi¬ 
ments  or  sea  water.  The  precise  mechanism  by  which  this 
occurred  is  complex.  Structural  and  stratigraphic  considera¬ 
tions  suggest  that  while  groundwater  may  have  played  an 
important  role  in  the  eruption,  the  initial  conduit  must  have 
been  formed  either  by  opening  of  fractures  by  tectonism,  or 
by  drilling  by  high  pressure  gases  exsolved  from  the  under¬ 
lying  magma. 
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Because  the  significance  of  certain  textures  is  not 
known  with  certainty,  interpretation  of  the  origin  of  the 
diatreme  is  complicated  and  to  some  extent  ambiguous. 

I I .  Nature  of  the  Diatreme 

A .  The  Role  of  Fluidization 

Fluidization  includes  all  processes  in  which 
denser  particles  are  distributed  within  a  rising 
liquid  or  gas  phase,  and  comprises  gas-solid, 
gas-liquid,  gas-liquid-solid,  and  liquid-solid 
systems  (Lorenz  et  al,  1975,  p.  30).  Fluidization 
results  in  three  main  types  of  particle  distribution: 

1.  Fixed  beds,  in  which  gas  rises  through  particles 
at  rest. 

2.  Fluidized  beds,  in  which  particles  are  supported 
and  agitated  by  gas. 

3.  Pneumatic  transport,  in  which  particles  are 
entrained  in  the  gas  flow. 


Fluidized  systems 

are 

complex . 

The 

rate 

of  flow 

in  a  volcanic  vent  may 

cha 

nge  with 

time , 

from 

the 

bottom  upward,  or  from 

the 

margins 

inward 

(op. 

cit.  , 

p.  32).  At  a  given  location,  a  fluidized  bed  or  a 
fixed  bed  may  form,  or  pneumatic  transport  may  occur. 
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Mixing  of  fragments  is  a  very  important  character¬ 
istic  of  fluidized  beds,  and  to  a  lesser  extent  of 
pneumatic  transport.  It  may  be  so  thorough  that  com¬ 
plete  homogenization  has  occurred,  and  fragments  from 
different  stratigraphic  levels  occur  together.  Mixing 
results  in  abrasion  and  grinding  of  the  solid  phase, 
so  that  angular  fragments  tend  to  become  spherical 
(op.  cit.,  p.  31).  Rounding  may  also  result  from 
thermal  spalling. 

Textures  in  fluidized  systems  may  be  further  com¬ 
plicated  by  the  presence  of  counter  currents.  These 
develop  particularly  in  pipes  with  tapering  walls, 
such  as  the  BBX  diatreme.  Close  to  the  walls  of  the 
pipe,  gas  rises  more  slowly  than  it  does  in  the  centre. 
Granular  material  here  may  subside,  be  picked  up  at 
depth,  carried  upward  in  the  central  parts  and  subside 
again  near  the  margins  (op.  cit.,  p.  32). 

Fluidization  is  active  during  every  phase  of  gas 
flow.  Mature  stages  of  fluidization  are  indicated  by 
grain  size  distribution,  rounding  of  blocks,  and  homo¬ 
genization  of  vent  contents.  Maturation  may  be  reached 
at  the  close  of  short-lived  activity,  or  during  the 
main  eruptive  phase. 


In  the  BBX  diatreme,  a  variety  of  features  are 


indicative  of  fluidization.  These  are  described  below, 
and  their  implications  regarding  other  aspects  of  the 
formative  process  of  the  diatreme  are  discussed. 

1 .  Volcanic  Bed  Forms 

Texturally,  the  diatreme  ranges  from  zones  of 
well-defined  breccia  showing  no  preferred  orienta¬ 
tion,  to  zones  which  exhibit  planar  features  some¬ 
what  reminiscent  of  bedding  (Plate  23).  The  volcan 
ic  fragments  in  these  zones  are  generally  tightly 
packed  and  elongate,  and  lie  with  their  long  axes  i 
parallel  or  subparallel  alignment.  These  "bed 
forms"  may  comprise  small  angular  fragments, 
larger  fragments  with  embayed  contacts,  and  in 
some  cases,  elongate  undulating  forms  (this  thesis, 
p.  96).  The  precise  origin  of  these  features  is 
not  known  with  certainty,  but  they  are  generally 
thought  to  be  the  result  of  "flow  banding"  or 
"chain  stratification"  (Lorenz  et  al,  1975, 
p.  38).  This  feature  is  common  in  diatremes, 
where  it  tends  to  occur  near  the  contact  between 
homogeneous  pyroclastic  debris,  and  either  wall 
rocks  or  xenoliths.  Flow  banding  takes  two  main 
forms,  both  of  which  occur  in  the  BBX  diatreme. 
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Plate  23  Trench  2,  showing  horizontal  "bed  forms" 
(behind  packsack).  Note  strong  potassium  alteration 
(light  brown)  which  is  in  marked  contrast  to  propy- 
llitically  altered  basalt  (Plate  9).  Malachite 
stain  (light  green)  and  wad  (black)  are  present  on 
the  outcrop  surface. 
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(i)  Variations  in  grain  size,  with  relative¬ 
ly  fine  pyroclastic  debris  grading  into 
coarser  debris  away  from  the  walls. 

(ii)  The  alignment  of  elongate  fragments  of 

country  rock,  juvenile  lapilli  and  platy 
minerals  parallel  to  the  walls. 

Flow  banding  in  diatremes  is  usually  retrict- 
ed  to  zones  less  than  one  metre  wide  (op.  cit., 
p.  39).  This  is  consistent  with  the  occurrence  of 
these  features  in  the  BBX  diatreme. 

It  can  be  assumed  that  flow  banding  is  attri¬ 
butable  to  pneumatic  transport. 

The  variety  of  textures  in  "bed  forms"  is 
sufficiently  complex  that  they  may  have  resulted, 
at  least  in  part,  from  processes  other  than  flow 
banding.  These  processes  include  base  surge  depos¬ 
ition  (this  thesis,  p.  168),  and  fallback  of  ejecta 
from  successive  eruptions  (Lorenz  et  al,  1975, 
p.  50).  This  latter  feature  is  generally  restrict¬ 
ed  to  the  crater  or  the  upper  parts  of  the  under¬ 
lying  conduit  (op.  cit.,  p.  50).  Compaction  of 
the  ejecta  may  account  in  part  for  the  relatively 
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tight  packing  of  fragments  in  these  zones.  Pack¬ 
ing  may  also  result  from  the  process  of  defluidi¬ 
zation  (op.  cit.,  p.  33).  This  occurs  when  gas 
flow  diminishes  markedly,  or  ceases. 


"Bed  forms"  in  the  BBX  diatreme  exhibit  a 
wide  range  in  orientation  from  horizontal  to 
almost  vertical,  and  abrupt  changes  in  attitude 
over  short  intervals  (i.e.  one  metre)  are  common. 
This  variation  is  attributable  to  slumping  of 
bedded  ejecta  along  the  margin  of  the  conduit,  and 
to  subsidence  within  the  vent,  possibly  related  to 
the  withdrawal  of  magmatic  support  at  depth  (op. 
cit.,  p.  50).  Similar  subsidence  structures, 
accompanied  by  differential  rotation  of  bedding 
planes  without  disruption  of  bedding,  have  been 
noted  in  the  Permian  diatremes  of  southwest 
Germany  (op.  cit.,  p.  51). 


Vertical  or  near  vertical  bed  forms  may  also 
be  attributed  to  the  plastering  of  fine  grained 
wet  ejecta  against  the  walls  of  the  vent  during  a 
phreatomagmat ic  eruption  (op.  cit.,  p.  50). 
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2 .  Matrix-Supported  Lapilli 

In  contrast  to  tightly  packed  zones  ("bed 
forms")  with  very  little  matrix,  are  intervals 
containing  as  much  as  60%  matrix,  usually  carbon¬ 
ate.  In  these  zones,  the  fragments  tend  to  be 
relatively  small  and  well  rounded.  These  frag¬ 
ments  are  rarely  in  contact,  and  may  be  quite 
widely  spaced.  Prior  to  the  introduction  of 
carbonate,  they  were  supported  in  a  matrix  of 
comminuted  rock  debris. 

These  features  can  be  readily  understood 
in  terms  of  the  various  processes  involved  in 
fluidization  (this  Chapter,  p.157).  In  particu¬ 
lar,  they  may  represent  fluidized  beds  where 
particles  were  supported  and  agitated  by  gas. 
Mixing  in  these  zones  resulted  in  abrasion  and 
rounding  of  solid  ejecta.  Rounded  fragments  in 
fluidized  breccias  may  also  suggest  that  they 
vented  effectively  at  the  surface  (Bell,  R.  T. , 
1978,  p.  320) . 
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3 .  Tuffisite  Apophyses 

The  term  tuffisite  refers  to  the  composite 
juvenile,  accessory  and  accidental  filling  of 
diatremes.  It  resembles  tuff,  but  is  differen¬ 
tiated  by  its  occurrence  in  a  vent  rather  than 
at  surface  (Dennis,  1972,  p.  451).  Apophyses  of 
tuffisite  in  the  sedimentary  wall  rock  can  be  seen 
occasionally  in  drill  core,  but  are  rare  in 
outcrop.  These  "veins"  suggest  that  the  system 
was  fluidized  during  eruption  (Ollier,  1967, 
p.  60 )  . 

4 .  Thermal  Metamorphism  of  Country  Rocks 


Sedimentary  rocks  surrounding  the  di 
have  been  relatively  unaffected  by  its  in 
Hematitic  sediments  in  contact  with  the  d 
have  been  bleached,  and  their  contained  i 
has  been  reduced,  so  that  the  rocks  are  g 
color.  These  alteration  zones  are  only  a 
centimetres  in  width. 


atreme 

trusion. 
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The  virtual  absence  of  metamorphic  effects 
adjacent  to  the  diatreme  is  consistent  with  the 
dissipation  of  thermal  energy  in  doing  the  work  of 
fluidization  (Hatch,  Wells  and  Wells,  1972, 


p.  456). 


5. 


Attitude  of  Peripheral  Sediments 


It  is  evident  from  Map  2  that  the  majority 
of  the  sediments  immediately  adjacent  to  the 
diatreme  tend  to  dip  in  towards  its  centre. 

The  inward  dipping  attitude  of  these  sedi¬ 
ments  is  attributed  to  two  principle  causes. 

(i)  Outcrops  representing  the  Ogilvie  and 

McLeod  Formations  have  been  interpreted  as 
large  blocks  of  wallrock  from  up  section, 
which  have  entered  the  system  (this  thesis, 
p.  55).  Because  these  blocks  are  too  large 
to  be  fluidized,  they  sink  and  hence  occur 
beneath  their  original  stratigraphic  level 
(Lorenz  et  al,  1975,  p.  31).  Subsidence  of 
these  blocks  occurs  when  their  terminal 
velocity  exceeds  that  of  the  system 
(op.  cit. ,  p.  40). 

)  Small  outcrops  of  sediment  adjacent  to  the 

diatreme  belong  to  the  Akaitcho  Formation, 
and  presumably  occur  at  their  original 
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stratigraphic  level.  The  attitude  of  these 
blocks  is  attributable  to  the  withdrawal  of 
magmatic  support  in  the  waning  stages  of 
volcanic  activity. 

B .  The  Role  of  Groundwater 

Although  the  gas  phase  plays  a  major  role  in  the 
formation  of  diatremes,  little  is  known  concerning 
its  composition  and  origin.  Three  principle  sources 
of  gas  have  been  proposed  (Lorenz  et  al,  1975,  p.  17). 

1.  Non-magmatic  sources,  comprising  mainly  water 
vapor  generated  when  rising  magma  comes  in  contact  with 
groundwater.  Eruptions  brought  about  in  this  way  are 
termed  phrea tomagma t ic  if  they  expel  essential  ejecta, 
and  phreatic  if  they  do  not  (Ollier,  1974,  p.  292). 

2.  Absorption  by  magma  of  water  vapor,  CO^  and  other 
gases,  and  their  subsequent  release. 

Groundwater  in  the  pores  and  cracks  of  sedimen¬ 
tary  wall  rocks  is  an  important  source  of  water  vapor. 
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When  these  rocks  are  detached  from  the  walls,  and  com¬ 
minuted  within  the  pipe,  the  water  is  absorbed  into  the 
magma  and  supplements  magmatic  gases  (Lorenz  et  al, 
1975,  p.  22). 

CO^Cg)  may  be  derived  through  assimilation  of 
carbonate  wall  rocks  (op.  cit.,  p.  23). 

3.  Juvenile  gases  of  magmatic  origin. 

In  most  eruptions,  all  three  of  the  above  sources 
are  probably  involved,  but  in  widely  different  propor¬ 
tions  (op.  cit.,  p.  17).  The  gas  originates  by  exsolu¬ 
tion  from  the  magma,  or  by  contact  of  the  magma  with 
water-bearing  wall  rocks.  Geochemical  studies  indicate 
that  water  derived  from  the  walls  is  generally  the 
major  constituent  of  volcanic  gases  and  far  outweighs 
the  contribution  of  juvenile  water  from  greater  depths 
(op.  cit.,  p.  22). 

The  precise  nature  of  the  gas  phase  responsible 
for  formation  of  the  BBX  diatreme  cannot  be  determined. 
There  is  a  strong  suggestion  however,  that  the  dia¬ 
treme  formed  by  a  phreatomagma t ic  mechanism.  This  is 
evidenced  by  the  presence  in  the  diatreme  of  accre¬ 
tionary  lapilli,  base  surge  bed  forms,  and  fragments 
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of  sideromelane  (op.  cit.,  pp.  18  and  47).  In  addi¬ 
tion,  structures  in  the  diatreme  and  in  the  adjacent 
sediments  suggest  that  its  origin  was  explosive. 

This  is  consistent  with  a  phreatic  origin  for  the 
diatreme,  as  such  eruptions  generally  involve  extreme 
violence  (American  Geological  Institute,  1962, 
p.  379). 

Features  suggestive  of  a  phreatomagmat ic  origin 
for  the  diatreme  are  described  and  discussed  below. 

1 .  Base  Surge  Deposits  (?) 

In  the  vicinity  of  trenches  1  and  2,  towards  the 
southeast  margin  of  the  diatreme,  a  variety  of  curved 
surfaces  are  recognizable  upon  close  examination 
(Plate  24).  These  surfaces  are  generally  gently 
curved  and  open  downwards.  They  do  not  intersect,  but 
rather,  define  a  series  of  overlapping  moundlike  bod¬ 
ies  of  agglomerate.  These  surfaces  resemble  bed  forms 
in  base  surge  deposits  (Fisher  and  Waters,  1970, 
p .  165,  Plate  3 ) . 

Base  surges  are  high  velocity  density  currents 
which  spread  outward  from  the  base  of  a  vertically 
rising  ejecta  column  (op.  cit.,  p.  158).  They 
deposit  dune-like  bed  forms  and  thinly  bedded,  fine 
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Plate  24  Trench  1,  showing  base  surge  bed  forms  (?). 

A  possible  base  surge  deposit  is  indicated  by  the 
moundlike  bodies  of  agglomerate  (by  hammer).  A 
dune-like  bed  form  of  greater  amplitude  can  be  seen  at 
the  upper  right  (arrow).  Note  strong  potassium  alter¬ 
ation  (light  brown),  malachite  stain  (light  green) 
and  limonite  (orange). 
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to  coarse  grained  tuffs  (op.  cit.,  p.  157).  These 
deposits  originate  from  phreatomagmat ic  eruptions. 

2 .  Accretionary  Lapilli  (?) 

Accretionary  lapilli  consist  of  a  core  of 
lithic  or  juvenile  material  surrounded  by  one  or 
many  concentric  or  slightly  eccentric  layers  of  ash 
(Lorenz  et  al,  1975,  p.  46).  Their  origin  is  a  matter 
of  some  debate,  but  they  are  generally  ascribed  to 
adhesion  due  to  absorbed  water  (op.  cit.,  p.  46). 

It  has  been  proposed  that  the  concentric  structure 
is  due  to  downslope  rolling  of  lapilli  on  damp  ash, 
or  to  accretion  when  raindrops  fall  through  the  ash 
cloud  (Walker  and  Croasdale,  1970,  p.  308).  A  much 
more  plausible  origin  however,  appears  to  be  their 
formation  in  eruption  clouds  associated  with  the 
development  of  volcanic  vents  (Lorenz  et  al,  1975, 
p.  46).  The  eruption  clouds  are  rich  in  water  vapour, 
especially  in  phreatic  eruptions  of  basaltic  ash  (Moore 
and  Peck,  1962,  p.  190). 

Accretionary  lapilli  are  not  well-defined  in  the 
BBX  diatreme.  Occasionally  however,  basaltic  lapilli 
surrounded  by  relatively  thick  featureless  rims 


are 
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of  rock  flour.  These  lack  a  concentric  structure,  but 
this  may  be  due  in  part  to  extensive  carbonit izat ion 
which  has  obscured  original  textures. 

Where  several  of  these  rimmed  fragments  occur 
together,  their  interstices  are  filled  with  more 
coarsely  crystalline  carbonate,  suggestive  of  crystal¬ 
lization  in  open  spaces.  These  factors  imply  that 
prior  to  the  introduction  of  carbonate,  rock  flour 
adhered  to  the  ejecta.  It  is  difficult  to  envisage 
a  mechanism  other  than  that  described  above,  by  which 
this  would  occur. 

The  postulated  presence  of  accretionary  lapilli 
in  the  diatreme  holds  two  implications  with  respect  to 
its  origin. 

(i)  That  the  rock  enclosing  the  lapilli  is 

extrusive  (Moore  and  Peck,  1962,  p.  191). 

(ii)  Although  accretionary  lapilli  are  not  by 

themselves  diagnostic,  their  occurrence  with 
fragments  of  sideromelane  (this  thesis, 
p.  93)  and  base  surge  bed  forms  is  sugges¬ 
tive  of  a  phreatomagma t ic  origin  (Lorenz  et 
al,  1975,  p.  47) . 
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3 .  Structures  Indicative  of  an  Explosive  Eruption 

An  unusual  but  well-defined  cone-like  structure 
occurs  in  the  agglomerate  in  trench  2  and  is  shown  in 
Plates  25  and  26.  The  structure  comprises  at  least 
seven  concentric  layers,  some  of  which  are  discontin¬ 
uous.  The  cone  opens  to  the  west,  and  its  axis  is 
oriented  at  approximately  290°  -  18°.  The  south  part 
of  the  cone  is  truncated  by  a  joint  plane  (strike 
314° ,  dip  84°  SW) . 


The  visible  port 

ion  of 

the  structure 

is 

30 

inches  in  length,  and 

opens 

to  a  width  of 

15 

inches 

from  approximately  5 

inches 

at  the  apex. 

Two 

obser 

vations  have  some  bearing  on  its  origin  and  signi¬ 
ficance  . 

(i)  The  conical  fractures  truncate  "bed  forms", 
but  are  themselves  truncated  by  late  joints. 

(ii)  Accidental  fragments  of  granite  in  the 

agglomerate  are  parted  along  these  conical 
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Plate  25  Trench  2,  showing  shattercone  (?) ;  diagonal 
view.  Note  truncation  of  the  cone  by  a  joint  plane 
immediately  to  the  left  of  the  hammer.  Note  malachite 
(light  greenish  blue),  limonite  (orange)  and  wad 
( black) . 


Plate  26  Trench  2  showing  shattercone  (?) ;  view  along 
axis.  Note  malachite  (light  greenish  blue) ,  limonite 
(orange)  and  wad  (black) . 
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In  loosely  consolidated  conglomerates,  shear 
fractures  tend  to  cut  indiscr iminantly  across  pebbles, 
while  tension  fractures  break  around  the  pebbles 
(Billings,  p.  169).  In  view  of  this  observation,  the 
conical  fractures  in  trench  2  are  interpreted  as  shear 
planes,  and  the  structure  itself  is  interpreted  as  a 
shattercone . 

If  this  interpretation  is  correct,  then  it  can  be 
inferred  that  the  diatreme  was  formed  by  an  explosive 
mechanism  such  as  would  be  expected  in  phreatomagma- 
tic  eruptions.  This  postulate  is  supported  by  the 
observation  that  the  axis  of  the  cone  is  roughly  per¬ 
pendicular  to  the  diatreme  axis  and  parallels  frac¬ 
tures  in  the  adjacent  sediments  which  have  already 
been  related  to  its  formation  (this  thesis,  p.  144  ). 
Both  of  these  features  are  consistent  with  an  explo¬ 
sive  event  in  which  force  was  exerted  more  or  less 
perpendicular  to  the  axis  of  the  diatreme.  The  fact 
that  the  cone  opens  to  the  west  is  consistent  with 
this  postulate,  as  the  structure  outcrops  west  of  the 
central  axis  of  the  vent. 


The  truncation  of  "bed  forms"  in  the  diatreme,  by 
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the  shattercone,  suggests  that  it  postdates  them,  and 
indicates  that  more  than  one  pulse  of  volcanism  was 
involved  in  formation  of  the  diatreme.  The  high 
initial  velocity  and  turbulent  flow  of  base  surges 
results  in  high  shear  stress  on  the  surface  beneath 
the  flow  (Fisher  and  Waters,  1970,  p.  159).  It  is 
interesting  to  note  that  the  shattercone  occurs 
"beneath"  the  postulated  base  surge  deposits  in  outcrop. 
It  can  be  suggested  from  this  that  the  shattercone  is 
the  result  of  a  late  phreatomagmat ic  eruption  and  its 
associated  base  surge. 

C .  The  Significance  of  Textural  Varieties  of  Lava 

Three  lava  types  have  been  distinguished  in  the  dia¬ 
treme  (this  thesis,  p.  88).  These  volcanics  have  been 
termed  black  lava,  pumiceous  lava,  and  light  colored  lava. 

The  possible  significance  of  these  groups  is  discussed 
below . 

( 1 )  Black  Lava 

Although  black  lava  is  not  abundant  in  the  dia¬ 
treme,  it  is  apparent  from  petrographic  studies  that  it 
represents  juvenile  magmatic  material.  This  lava 
commonly  occurs  in  elongate  sinuous  forms  and  engulfs 
accidental  volcanic,  sedimentary  and  granitic  frag- 
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ments.  Feldspar  phenocrysts  in  the  lava  exhibit  a 
trachytic  texture,  with  their  long  axes  parallel  to 
elongation  of  the  lava  or  to  the  perimeter  of  the 
included  fragment.  These  features  are  consistent 
with  the  behavior  of  molten  lava  in  a  fluidized 
system,  and  suggest  that  fluidization  of  liquid  and 
solid  materials  by  gas  has  taken  place  (Lorenz  et  al, 
1975,  p.  34). 

Accidental  fragments  engulfed  by  juvenile  volcan¬ 
ic  matter  have  been  noted  from  diatremes  in  several 
locations,  including  southwest  Germany,  Montana  and 
Missouri  (op.  cit.,  p.  34).  These  features  have  been 
attributed  to  rapid  exsolution  of  the  gas  phase,  which 
sprayed  the  liquid  phase  (magma)  and  the  solid  phase 
(phenocrysts  and  chips  of  wall  rock)  into  open  spaces. 
The  hot  liquid  coalesced  around  the  solid  particles  to 
form  free  surfaces.  Surface  tension  and  spinning  of 
the  ejecta  in  the  gas  phase,  produced  rounded  and 
ovoid  droplets  of  magma  with  a  solid  nucleus.  Trachy¬ 
tic  textures  in  the  juvenile  lava  have  also  been  attri¬ 
buted  to  rotation  of  the  fragments  in  the  gas  phase. 

( 2 )  Pumiceous  Lava 


Vesicular  lava,  pumiceous  lava  and  glass 
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shards  occur  occasionally  in  the  diatreme.  These  fea¬ 
tures  are  formed  by  the  expansion  of  gases  in  the  lava 
(Williams,  Turner  and  Gilbert,  1954,  p.  23).  The  pre¬ 
sence  of  granulated  sideromelane  in  the  diatreme  has 
already  been  noted  (this  thesis,  p.  93).  Siderome- 
melane  forms  from  the  drastic  chilling  of  basaltic 
magma,  and  suggests  that  abundant  water  was  present  in 
the  system  (Fisher  and  Waters,  1970,  p.  180). 

A  continuum  exists  between  lava  containing  occas¬ 
ional  vesicles,  and  glass  shards  and  clusters  of 
fragments  exhibiting  a  vitroclastic  texture  (Plates 
15  and  16).  These  fragments  are  presumably  formed 
by  comminution  due  to  effervescence  of  viscous  magma 
(Williams,  Turner  and  Gilbert,  1954,  p.  153).  Where 
glass  shards  are  abundant,  they  tend  to  be  supported 
in  a  matrix  of  comminuted  rock  debris,  subsequently 
carbonat ized .  This  suggests  that  because  these  frag¬ 
ments  are  more  delicate,  they  are  more  readily 
abraded  during  fluidization. 

Tabular  fragments  of  vitric  tuff  occur  occasion¬ 
ally  in  the  diatreme.  These  have  been  interpreted  as 
indurated  fragments  of  a  pre-existing  volcanic  pile 
which  has  been  intruded  by  the  diatreme. 
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( 3 )  Light-Colored  Lava 

This  is  a  diverse  group  and  is  the  main  volcanic 
constituent  of  the  diatreme.  It  is  slightly  more 
coarsely  crystalline  than  other  lava  types,  occurs 
as  rounded  to  irregular  grains,  and  shows  no  align¬ 
ment  of  feldspar  phenocrysts.  While  it  is  clearly  a 
different  phase  than  the  black  lava,  its  precise 
significance  cannot  be  determined.  Its  coarser  grain 
size  suggests  that  it  cooled  more  slowly  than  the 
black  lava,  and  the  absence  of  a  trachytic  texture 
indicates  that  it  was  unaffected  by  flow  during  forma¬ 
tion  of  the  diatreme.  These  features,  and  the  irregu¬ 
lar  rather  than  elongate  shape  of  the  fragments  may  be 
interpreted  in  two  ways: 

(i)  That  they  represent  a  less  viscous  phase  of 
juvenile  lava. 

(ii)  That  they  are  derived  from  a  pre-existing 
volcanic  pile  intruded  by  the  diatreme. 

The  fact  that  fragments  of  light  colored  lava  are 
engulfed  by  black  lava  (this  thesis,  p.  99)  suggests 
that  the  fragments  represent  an  earlier  pulse  of  vol¬ 
canic  activity. 


. 
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The  amount  of  juvenile  magmatic  material  among 
the  pyroclastic  ejecta  of  diatremes  ranges  from  close 
to  zero  to  nearly  100%  (Lorenz  et  al,  1975,  p.  53).  The 
difficulty  in  distinguishing  juvenile  from  accidental 
and  accessory  volcanic  material  in  the  BBX  diatreme 
is  evident  from  the  above  discussion.  It  is  clear 
however,  that  the  black  lava  and  at  least  some  of  the 
pumiceous  lava  is  juvenile.  Assuming  that  fragments 
of  "light-colored  lava"  are  accidental,  juvenile  lava 
is  thought  to  represent  a  relatively  small  proportion 
of  the  total,  possibly  less  than  25%. 

D.  Venting  of  the  Diatreme  and  Level  of  Intrusion 

The  BBX  diatreme  is  an  exhumed  volcanic  vent  which  has 
been  eroded  well  below  its  original  level  of  intrusion. 

That  the  diatreme  was  originally  vented  at  the  surface  can 
be  inferred  from  the  following  considerations. 

1.  The  presence  of  spherical  lapilli  (this  thesis, 
p.  163). 


2. 


The  presence  of  accretionary  lapilli  (this  thesis, 
p.  170). 
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3.  The  presence  of  glass  shards  and  sideromelane 
(this  thesis,  p.  93). 

4.  Martit izat ion  of  basaltic  ejecta  (this  thesis, 
p.  116). 

The  stratigraphic  level  at  which  the  diatreme  vented 
at  the  surface  can  be  inferred  from  the  following  considera¬ 
tions  . 

1 .  Sedimentary  Fragments  in  the  Diatreme 

The  following  observations  are  relevant  if  it  is 
assumed  that  the  process  of  fluidization  reached 
maturity,  and  therefore  that  the  vent  contents  have 
been  homogenized  (this  thesis,  p.  158).  Implicit  in 
this  assumption  is  that  sedimentary  fragments  seen  in 
outcrop  and  in  drill  core  derive  not  only  from  immed¬ 
iately  adjacent  sedimentary  horizons,  but  also  from 
those  above  and  below  the  present  level  of  erosion. 

(i)  The  abundance  of  red  hematitic  sediments  in 
the  diatreme  presumably  reflects  the  domin¬ 
ant  horizons  through  which  it  passed.  These 
sediments  are  not  present  above  the  McLeod 


Formation  (Table  7). 
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(ii)  The  Pethei  Group  (Table  7)  consists  entirely 
of  carbonates.  Carbonate  fragments  are 
relatively  rare  in  the  diatreme.  They  are 
generally  small  and  include  featureless  car¬ 
bonate  and  light  grey  dolomitic  marlstone. 

The  relationship  between  diatremes  and  alkaline 
ultramafic  and  carbonatite  magmas  has  been  noted  (this 
thesis,  p.  120).  According  to  Lorenz  et  al  (1975, 
p.  23),  calcite  may  be  abundant  among  the  pyroclastic 
ejecta  of  diatremes.  While  some  of  the  carbonate  in  the 
BBX  diatreme  may  be  attributable  to  a  juvenile  source, 
the  marlstone  definitely  derives  from  existing  rocks 
intruded  by  the  diatreme.  The  fact  that  carbonate 
fragments  are  relatively  rare  in  the  diatreme, 
suggests  that  it  intruded  only  the  relatively  thin 
basal  formations  of  the  Pethei  Group. 

2 .  Pressure  Gradients 

Pressure  gradients  of  compressible  gases  flowing 
in  long  narrow  conduits  are  not  linear.  Instead,  pres¬ 
sures  drop  only  slightly  throughout  most  of  the  length 
then  fall  rapidly  close  to  the  outlet  as  the  gas 
accelerates  (Lorenz  et  al,  1975,  p.  38).  Although  the 
relevance  of  these  observations  to  volcanic  vents  is 
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complicated  by  variations  in  the  configuration  of  the 
pipe,  wall  effects,  and  internal  friction,  it  can 
be  assumed  that  the  highest  pressure  drop  within  dia- 
tremes  is  near  the  surface  (op.  cit.,  p.  38).  For 
this  reason,  most  large  blocks  of  wall  rock  are 
derived  from  near-surface  levels  where  gas  velocities 
are  the  highest.  This  suggests  that  large  blocks  of 
sediment  belonging  to  the  Ogilvie  and  McLeod  Forma¬ 
tions  originated  close  to  the  original  surface  of 
eruption.  No  large  blocks  of  carbonate  have  been 
encountered  in  the  diatreme. 

While  this  is  clearly  a  tentative  conclusion,  the 
above  observations  suggest  that  the  diatreme  intruded 
the  Sosan  and  Kahochella  Groups,  and  the  basal  part  of 
the  Pethei  Group.  This  is  consistent  with  the  geological 
setting  of  other  diatremes  in  Hearne  Channel,  which 
intrude  at  least  to  the  level  of  the  McLeod  Formation 
(this  thesis,  p.  43).  If  this  interpretation  is  correct, 
it  can  be  assumed  that  the  seven  (?)  Seton  basalt  pipes  in 
Hearne  Channel  are  coeval,  but  that  the  BBX  diatreme  is 
more  deeply  eroded  (this  thesis  p.  43). 
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E .  Relationship  Between  the  Diatreme  and  the  Diabase 

The  relative  ages  of  the  diatreme  and  the  diabase  are 
not  known  with  certainty.  According  to  Lorenz  et  al,  1975, 
p.  12),  diatreme  activity  often  closes  with  the  intrusion  of 
magma  as  plugs  and  dikes.  While  it  can  be  suggested  from 
this  that  the  diabase  plug  represents  this  late  magmatic 
pulse,  the  following  evidence  is  to  the  contrary. 

(1)  The  diatreme  contains  occasional  fragments  of 
medium  crystalline  porphyritic  and  diabasic  intrusive. 
These  resemble  the  border  phases  of  the  diabase  plug. 

(2)  The  diatreme  contains  numerous  xenocrysts  of 
twinned  plagioclase  having  the  same  composition 
(An  38)  as  the  diabase  plug  (this  thesis,  p.  87). 
Moreover,  these  xenocrysts  exhibit  lamellar  twinning 
as  do  those  in  the  diabase,  whereas  the  juvenile  lava 
in  the  diatreme  contains  untwinned  plagioclase  micro- 
1 ites . 

These  features  suggest  that  the  diatreme  intrudes  a  ma¬ 
fic  body  similar  in  texture  and  composition  to  the  diabase 
plug.  It  is  tempting  to  suggest  that  the  diatreme  has  incor¬ 
porated  border  phases  of  the  diabase,  and  therefore  that  it 
plunges  steeply  to  the  north.  While  other  evidence  exists 
to  support  this  conclusion  (this  thesis,  p.  185),  it  must  be 
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noted  that  the  configuration  of  the  diabase  at  depth  is 
unknown,  and  it  may  in  fact  represent  a  local  plug  related 
to  a  more  deep-seated  sill  or  laccolith. 

Two  conclusions  arise  from  this  discussion. 

(1)  The  diatreme  intrudes  and  therefore  postdates 
a  pre-existing  mafic  intrusion  of  which  the  diabase 
plug  is  a  part. 

(2)  The  juvenile  lava  in  the  diatreme  has  a  consider¬ 
ably  different  plagioclase  composition  than  the  dia¬ 
base  (An  53  versus  An  38),  and  the  intrusions  are 
therefore  not  genetically  related. 

F .  Orientation  of  the  Diatreme 

Three  observations  suggest  that  the  diatreme  may  be 
inclined  steeply  to  the  north. 

( 1 )  Doming  of  Sediments 

While  the  majority  of  sediments  adjacent  to  the 
diatreme  dip  in  towards  its  centre,  those  at  the 
northeast  end  appear  to  dip  away  (Map  2).  This  doming 
is  consistent  with  the  possibility  that  the  diatreme 
is  not  vertical.  An  inclined  diatreme  migrating  to 
the  surface  would  exert  a  vertical  pressure  on  the 
hanging  wall,  and  cause  doming.  Sediments  on  the  foot- 
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wall  would  be  relatively  unaffected,  except  on  cessa¬ 
tion  of  volcanic  activity,  when  they  would  tend  to 
sag  in  towards  the  vent. 

( 2 )  Potassium  Alteration  and  Mineralization 

The  highest  grades  of  mineralization  intersected 
to  date  occur  in  the  vicinity  of  trenches  1  and  2  at 
the  south-southwest  end  of  the  diatreme  (this  thesis, 
p.  9).  This  mineralization  is  associated  with 
intense  potassium  alteration.  Other  outcrops  of 
agglomerate  are  generally  unmineralized  and  only  weakly 
altered.  These  features  are  consistent  with  an 
inclined  conduit  in  which  hydrothermal  fluids  migrat¬ 
ed  along  the  footwall. 

( 3 )  Diabase  Inclusions  in  the  Diatreme 

The  incorporation  of  fragments  and  xenocrysts 
from  the  diabase  into  the  diatreme  has  been  discussed 
above.  It  is  evident  from  Map  2  that  if  the  diatreme 
plunged  to  the  north,  it  would  encounter  the  diabase 
plug  at  depth. 
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III.  Origin  of  the  Diatreme 


It  is  apparent  from  the  above  discussion  that  the  BBX 
diatreme  has  had  a  complex  eruptive  history,  involving 
at  least  2  pulses  of  volcanism.  The  presence  of  textures 
indicative  of  phreatomagmat ic  eruptions,  suggests  that 
water  vapor  was  probably  an  important  constituent  of  the 
gas  phase.  The  role  played  by  gases  other  than  water 
vapor  cannot  be  determined,  but  it  seems  probable  that 
they  were  involved,  at  least  initially  in  formation  of 
the  conduit. 


A  model  explaining  the  origin  of  the  diatreme  must 
take  into  account  two  principle  considerations. 


A.  In  their  simplest  form,  ph 
tions  involve  the  intrusion  of 
weak  water-saturated  sediments 
hundred  metres  (Lorenz  et  al,  1 
water  in  the  overlying  sediment 
iently,  the  system  becomes  unst 
cit . ,  p.  19 )  . 


reatomagmat ic  erup- 
an  igneous  body  into 
at  a  depth  of  a  few 
975,  p.  18).  When  the 
s  is  heated  suffic- 
able  and  erupts  (op. 


It  has  been  shown  that  the  emplacement  of  the 
diatreme  into  the  Proterozoic  succession  was  controll- 
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ed  by  a  shear  fracture  related  to  compress ional 
folding  at  deep  levels  (this  thesis,  p.  146).  It 
is  unlikely  that  this  type  of  plastic  deformation 
could  occur  in  weak  water-saturated  sediments. 

The  phreatomagmat ic  model  must  therefore  be  modi¬ 
fied  to  take  this  into  consideration. 

The  Sosan  and  Kahochella  Groups  comprise  a 
substantial  stratigraphic  thickness  deposited  over 
a  considerable  period  of  time.  It  is  conceivable 
therefore,  that  sediments  in  the  lower  parts  of  this 
sequence  were  in  the  advanced  stages  of  diagenesis 
and  1  ithif icat ion ,  while  those  higher  in  the  section 
were  water-saturated,  loosely  consolidated,  and 
possibly  submerged  in  a  shallow  sea.  Hence,  the 
lower  parts  of  the  sequence  would  behave  plastic¬ 
ally  during  deformation,  and  give  rise  to  the  shear 
fractures  which  controlled  emplacement  of  the  dia- 
treme.  Water-saturated  sediments  in  the  upper 
part  of  the  sequence  would  not  be  similarly  affect¬ 
ed.  This  suggests  that  the  water  necessary  to  cause 
the  phreatomagmat ic  eruption  was  not  available  at 
depth  and  therefore,  that  another  mechanism  must  have 
been  involved  in  the  initial  formation  of  the  pipe. 
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B.  The  pressure  gradient  of  compressible  gases 
flowing  in  long  narrow  conduits  is  non  linear 
(this  thesis,  p.  182).  Because  of  this,  the  high 
gas  velocities  necessary  to  erode  a  channel  are 
unlikely  to  be  achieved  by  steam  or  volcanic  gas 
rising  along  fractures,  except  in  a  short  interval 
very  near  the  surface  (Lorenz  et  al,  1975,  p.  27). 
Regional  stratigraphic  evidence  suggests  that  the 
diatreme  rose  through  a  considerable  thickness  of 
sedimentary  strata,  on  the  order  of  1000  metres 
(Figure  7),  and  is  therefore  unlikely  to  be  a 
phreatomagmat ic  eruption  in  the  classical  sense. 
This  again  suggests  that  a  mechanism  other  than  a 
phreatomagmat ic  eruption  must  have  been  involved  in 
the  initial  formation  of  the  conduit. 


The  rise  of  alkaline  magma  along  deep-seated  basement 
fractures  was  probably  related  to  orogenesis  in  the  Great 
Slave  Basin  (for  a  more  detailed  discussion,  refer  to 
Chapter  2,  p.  39).  In  view  of  the  above  considerations 
the  formation  of  the  diatreme  may  have  been  brought  about 
by  one  or  a  combination  of  the  following  mechanisms. 

In  each  case,  it  is  assumed  that  the  shear  fracture 
controlling  the  diatreme  was  opened,  if  only  briefly. 
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by  tectonic  stresses. 

A.  Seepage  of  seawater  into  the  fracture,  and  its 
contact  with  magma  at  depth. 

B.  The  rise  of  magma  along  the  shear  fracture,  and 
its  ultimate  contact  with  water-saturated  sedi¬ 
ments  or  seawater. 

C.  Drilling  of  a  conduit  by  high  pressure  gases 
exsolved  from  the  underlying  magma.  Fluid 
inclusion  studies  of  olivine  crystals  in  alkali 
basalts  indicate  that  CO^  under  extreme  pressure 
is  available  at  great  depths  (Lorenz  et  al,1975, 
p.  23).  Exsolution  of  this  CO^  from  the  magma 
could  be  brought  about  by  decreased  pressure 
resulting  from  opening  of  the  shear  frac¬ 
ture.  This  high  pressure  C02  would  escape 
violently  and  erode  its  way  to  the  surface. 

This  initial  conduit  could  then  act  as  a  locus 
for  movement  of  magma  and  surface  water. 
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There  is  good  evidence  to  suggest  that  the  diatreme 
vented  at  a  stratigraphic  level  equivalent  to  at  least 
the  basal  part  of  the  Pethei  Group,  but  has  subsequently 
been  eroded  to  the  level  of  the  Akaitcho  Formation. 

Regional  stratigraphy  suggests  that  the  eroded  interval 
is  considerable,  and  may  be  approximately  500  metres 
(Figure  7).  In  view  of  this,  the  presence  of  base  surge 
textures,  accretionary  lapilli  and  sideromelane  at  the 
present  level  of  exposure  seems  anomalous.  These  features 
can  be  explained  by  one  or  a  combination  of  the  following 
mechanisms . 

A .  Subs idence 

The  withdrawal  of  magmatic  support  in  the  waning 
stages  of  volcanic  activity  may  result  in  caldera-like 
subsidence  of  both  vent  fillings  and  adjacent  wall 
rocks.  The  walls  themselves,  or  newly  formed  cyclin- 
rical  or  conical  fractures  function  as  ring  faults 
(Lorenz  et  al,  1975,  p.  41).  Subsidence  may  result  in 
volcanics  originally  present  at  surface,  occurring 
at  depths  of  as  much  as  1  kimometre  in  volcanic  pipes 
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(op.  cit.,  p.  52).  Kimberlite  pipes  in  Montana 
contain  inward-dipping  tuff  beds  broken  by  uncon¬ 
formities,  as  deep  as  1280  metres  below  the  original 
surface.  This  has  been  accounted  for  by  repeated 
eruptions,  alternating  with  subsidence  (op.  cit., 
p.  51). 

B .  Homogenization  of  Vent  Contents 

The  various  processes  involved  in  fluidization 
can  conceivably  result  in  mixing  of  vent  contents  so 
that  they  may  occur  beneath  their  original  level  of 
deposition.  While  this  may  account  for  the  presence 
of  accretionary  lapilli  and  s ideromelance  at  depth,  it 
does  not  explain  the  presence  here  of  major  features 
such  as  base  surge  deposits. 

C .  Reactiviat ion  of  an  Early  Volcanic  Vent 

Mafic  tuffs  outcrop  to  the  northeast  of  the  dia- 
treme .  These  are  thought  to  represent  part  of  a 
pre-exisitng  volcanic  pile  cut  by  the  diatreme.  It 
can  be  suggested  that  the  base  surge  structure  out¬ 
cropping  in  the  diatreme  is  related  to  an  early  phase 
of  volcanism  which  deposited  these  tuffs.  Implicit 
in  this  model  is  that  the  volcanism  was  followed  by 


deposition  of  a  thick  sequence  of  sedimentary  strata 
prior  to  reactiviat ion  of  the  vent  and  formation  of  th 
present  diatreme. 

IV.  Conclusions 

The  process  of  fluidization  is  essentially  non¬ 
explosive  (Ollier,  1974,  p.  307).  The  evidence  that 
fluidization  was  an  important  formative  process  in  the 
diatreme  must  therefore  be  resolved  with  the  evidence  of 
explosive  activity.  It  can  be  suggested  from  the  fore¬ 
going  discussion  that  the  formation  of  the  diatreme 
involved  an  early  phase  of  volcanism  in  which  fluidiza¬ 
tion  played  an  important  role,  and  a  late  phreatomagmat ic 
phase  characterized  by  explosive  activity.  The  complex 
textures  and  structures  in  the  diatreme,  and  the  seeming¬ 
ly  random  distribution  of  "bed  forms"  and  matrix-supported 
lapilli,  can  be  attributed  to  this  periodic  volcanism  and 
to  the  complexities  of  the  fluidization  process.  Subsi¬ 
dence  and  collapse  within  the  vent  in  the  waning  stages  of 
volcanic  activity  have  further  complicated  these  textures. 


SECTION  III 

GEOCHEMISTRY 
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PREFACE 


The  BBX  deposit  has  had  a  complex  history  character¬ 
ized  by  repeated  pulses  of  hydrothermal  activity.  It  will 
be  demonstrated  in  this  and  the  following  section  that  the 
mineralizing  fluids  active  in  forming  the  deposit  had  di¬ 
verse  origins. 

In  this  section,  the  chemistry  and  source  of  the  fluid 
responsible  for  depositing  late-stage  quartz  veins  will  be 
discussed  on  the  basis  of  fluid  inclusion  and  oxygen  iso¬ 
tope  studies.  While  these  late-stage  fluids  deposited  only 
minor  amounts  of  chalcopyr ite ,  evidence  exists  to  suggest 
that  the  main  mineralizing  phase  had  a  similar  chemistry 


and  derivation. 


CHAPTER  7 

FLUID  INCLUSION  STUDY 
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I. 


General  Remarks 


The  formation  of  a  majority  of  ore  deposits  is 
ascribed  to  crystallization  of  metalliferous  and  gangue- 
minerals  from  solutions  rich  in  volatiles  and  soluble 
salts  (Roedder,  1979,  p.  684).  The  deposition  of  minerals 
from  these  solutions  is  brought  about  by  encounters  with 
appropriate  physical  or  chemical  environments,  and  the 
solutions  themselves  generally  pass  out  of  the  system. 
Hence,  although  they  are  of  fundamental  importance  to  our 
understanding  of  ore-forming  processes,  these  fluids  are 
generally  not  available  for  study  except  in  rare  cases 
(e.g.  Red  Sea  and  Salton  Sea  brines).  Traces  of  these 
solutions  that  do  remain  in  the  system  are  thought  to  be 
represented  by  fluid  inclusions,  which  generally  comprise 
aqueous  liquid  plus  vapor,  trapped  as  an  homogeneous  fluid 
in  irregularities  in  a  crystal.  Studies  of  these  inclu¬ 
sions  make  it  possible  to  place  certain  limitations  on  the 
conditions  under  which  a  mineral  deposit  formed. 

The  purpose  of  the  present  study  is  to  determine  the 
nature  of  the  fluid  responsible  for  mineralizing  the  BBX 
diatreme,  and  on  this  basis  to  speculate  on  the  origin  and 
affinity  of  the  mineralization.  In  particular,  on  the 
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basis  of  temperature  of  formation  and  chemistry,  it  is 
possible  to  tentatively  determine  if  the  deposit  formed 
by  magmatic  hydrothermal  or  by  other  processes  (Roedder, 
1976,  p.  100). 

II .  Instrumentation 

This  study  was  carried  out  on  a  television-equipped 
Chaixmeca  VT  2120  heating-freezing  microscope  stage 
(Poty  et  al,  1976).  This  device  is  capable  of  an  accuracy 
of  +  0.1°C  in  the  temperature  ranges  determined  in  this 
s  tudy . 


III.  Selection  of  Samples  and  Sample  Descriptions 


The  mineralization  in  the  BBX  diatreme  is  generally 
unsuitable  for  fluid  inclusion  studies.  The  main  metallif¬ 
erous  minerals  are  opaque  and  hence  of  no  use  in  freezing 
and  heating  experiments.  The  only  minerals  which  are 
potentially  suitable  for  study  are  quartz,  carbonate  and 
barite,  and  the  almost  complete  lack  of  vuggy  cavities 
associated  with  these  minerals  precludes  the  selection  of 
optimum  specimens  for  study  (Roedder,  1976,  p.  77). 

A  total  of  30  specimens  were  selected  from  the  dia¬ 
treme  and  adjacent  areas  in  order  to  provide  a  representa¬ 
tive  sample  from  mineralized  and  unmineralized  zones  and 
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from  quartz-carbonate  veins.  Polished  thick  sections  of 
these  specimens  were  prepared  and  examined  under  a  petro¬ 
graphic  microscope,  with  the  following  results. 

A.  Carbonate  is  unsuitable  for  study  as  it  gener¬ 
ally  contains  abundant  impurities,  and  is  not  suffic¬ 
iently  transparent. 

B.  Barite  occurs  as  clean,  very  tranparent  grains 
in  the  diatreme.  Unfortunately,  only  three  fluid 
inclusions  could  be  found,  and  these  were  too  small 
for  heating  and  freezing  experiments  (i.e.  £  5 
microns ) . 

C.  Quartz  is  present  in  at  least  2  modes;  as  gan- 

gue  associated  directly  with  the  mineralization,  and 
as  late-stage  quartz-carbonate  veins.  Although 
quartz  which  occurs  as  gangue  in  the  main  mineral¬ 
ized  zones  tends  to  be  quite  clean  and  transparent, 
it  is  present  in  such  small  quantities  that  suitable 
fluid  inclusions  are  difficult  to  find.  Several 
primary  fluid  inclusions  were  located,  but  all  were 
too  small  for  heating  and  freezing  studies  (i.e.  <_ 

5  microns ) . 
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Quartz  which  occurs  in  late-stage  veins  is  far 
more  abundant  and  more  coarsely  crystalline  and 
hence  more  amenable  to  study.  Quartz  in  these 
veins  tends  to  contain  abundant  impurities  and  to 
be  highly  fractured.  Hence,  although  fluid  inclus¬ 
ions  are  numerous,  they  are  difficult  to  see  clearly, 
and  the  vast  majority  are  secondary.  Nevertheless, 
a  total  of  107  apparently  primary  fluid  inclusions  were 
located  for  study.  Of  these,  experimental  data  could 
only  be  obtained  from  38  (Table  9). 

IV.  Problems  and  Sources  of  Error 

The  major  problem  in  this  study  arises  from  the  small 
size  of  the  fluid  inclusions  (this  chapter,  p.  203). 

Although  the  inclusions  could  be  seen  clearly  under  the 
petrographic  microscope,  the  poorer  resolution  of  the 
heating  lens  precluded  the  use  of  many  of  these  inclusions 
for  high  temperature  studies.  Moreover,  precise  homogeni¬ 
zation  temperatures  of  the  larger  inclusions  were  often 
obscured  as  a  result  of  poor  resolution. 

The  above  features  account  for  the  fact  that  in  certain 
cases,  it  was  not  possible  to  determine  both  T^  and  T^  for 
a  given  inclusion  (Table  9). 

Errors  reported  in  this  study  have  been  taken  as  one 
standard  deviation  from  the  mean. 
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Continued 
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Total  Population:  38  38  38  21 

Mean:  22.5  12.6  9.2  145 

1  Standard  Dev.:  11.7  7.7  3.4  9 


V. 


Fluid  Inclusion  Petrography  (Plates  27  and  28) 

The  fluid  inclusions  are  all  apparently  primary  as 
determined  from  the  criteria  outlined  by  Roedder,  1976 
(p.  74).  The  inclusions  exhibit  a  considerable  range  of 
shapes,  and  can  be  described  as  elongate,  equant,  triangular 
and  irregular.  Nevertheless,  many  of  the  inclusions  have  at 
least  one  linear  boundary,  which  may  suggest  that  they  are 
related  to  growth  planes  within  the  host  mineral.  In 
addition,  curved  boundaries  occur  in  some  inclusions,  al¬ 
though  none  approach  sphericity.  This  curvature  indicates 
that  limited  recrystallization  of  the  host  mineral  has 
occurred  in  order  to  reduce  the  high  surface  energy  of  the 
system  and  suggests  that  the  host  mineral  (quartz)  is  sol¬ 
uble  in  the  included  fluid  (Roedder,  1979,  p.  701).  Inclu¬ 
sions  exhibiting  necking  textures  or  obvious  pinching  of 
boundaries  were  avoided. 

The  major  axes  of  the  fluid  inclusions  (as  seen  in  two 
dimensions)  range  from  9.6  microns  to  63.6  microns,  with  a 
mean  of  22.5  +  11.7  microns.  The  minor  axes  range  from  3.6 
to  48.0  microns,  with  a  mean  of  12.6  +  7.7  microns  (Table  9). 
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Plate  27  Photomicrograph  showing  a  typical  three 
phase  fluid  inclusion  from  a  late-stage  quartz 
vein  (phase  IV).  Phases  are  liquid  (1) ,  vapour 
(v)  and  daughter  crystal  (halite,  d) .  (Transmitted 
light. ) 


Plate  28  Photomicrograph  showing  a  typical  three 
phase  fluid  inclusion  from  a  late-stage  quartz 
vein  (phase  IV) .  Phases  are  liquid  (1) ,  vapour 
(v)  and  daughter  crystal  (halite,  d) .  (Transmitted 
1 ight . ) 
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The  fluid  inclusions  contain  two  principle  visible 
phases;  an  aqueous  liquid  phase,  and  a  vapour  phase.  The 
vapour  phase  averages  9.2  +  3.4%  of  the  area  of  the  inclu¬ 
sion."*"  In  addition  to  liquid  and  vapour  phases,  approxi¬ 
mately  half  of  the  inclusions  studied  contain  a  single 
visible  daughter  crystal  (Table  9).  The  cubic  habit  and 
isotropic  nature  of  these  crystals  suggest  that  they  are 
halite.  Three  of  the  inclusions  listed  in  Table  9  contain 
two  cubic  daughter  crystals.  Because  of  the  very  small 
distances  in  fluid  inclusions,  water  soluble  daughter 
crystals  generally  have  time  to  reach  minimum  surface 
energy.  Hence  the  number  of  daughter  mineral  phases  is 
generally  equal  to  the  number  of  crystals  (Roedder,  1967, 
p.  541).  This  suggests  that  both  halite  and  sylvite  are 
present  in  these  inclusions,  although  both  are  cubic  and 
cannot  be  distinguished  with  certainty  on  the  basis  of 
morphology . 


Areas  were  determined  visually  from  sketches  of  the  fluid 
inclusions  drawn  to  scale  on  graph  paper,  and  are  there¬ 
fore  approximate. 
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Daughter  crystals  of  anhydrite 
identified  in  two  inclusions  on  the 
sotropy  and  elongate  habit.  These 
halite  daughters  but  are  extremely 
used  for  heating  and  freezing  exper 
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VI .  Low  Temperature  Studies 
A .  Introduction 

Low  temperature  studies  of  fluid  inclusions  are 
undertaken  primarily  to  determine  the  composition  of 
the  mineralizing  fluid.  Interpretation  of  freezing 
temperature  (T^)  data  is  contingent  on  a  sound 
understanding  of  the  problems  and  limitations  of  the 
data  gathering  process  and  the  complexities  of  the 
system  being  studied.  While  it  is  evident  from 
the  present  study  that  the  fluids  responsible  for 
mineralizing  the  BBX  diatreme  are  both  variable  and 
complex,  a  rigorous  interpretation  of  available  data 
is  not  possible  for  the  following  reasons. 


1 .  Clathrate  Compounds 

In  most  cases,  the  solid  formed  during 
freezing  of  inclusions  was  found  to  persist  on 
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thawing  to  temperatures  well  in  excess  of  0°C. 

The  existence  of  solid  phases  at  temperatures 
significantly  higher  than  the  freezing  point 
of  pure  water,  indicates  that  clathrate  hydrates 
have  formed,  and  suggests  that  gases  such  as 
CO2  and  CH^  are  present  in  the  system. 

Clathrates  are  non-stoichiometric  crystal¬ 
line  compounds  in  which  an  expanded  ice  lattice 
forms  cages  that  contain  gas  molecules  (Miller, 
1974,  p.  151).  They  resemble  ice  in  appearance 
and  form  both  below  and  above  the  freezing  point 
of  water  under  specific  P-T  conditions  (Hitchon, 
1974,  p.  195).  The  encaged  molecules  do 
not  interact  chemically  with  the  water  molecules, 
but  serve  to  stabilize  the  water  lattice  by 
filling  cavities.  As  this  function  is  indepen¬ 
dent  of  the  composition  of  the  gas,  mixed 
hydrates  will  form  where  more  than  one  gas  is 
present  in  an  inclusion  (Collins,  1979,  p.  1442). 
The  interpretation  of  clathrate  melting  temp¬ 
eratures  is  complicated  by  the  following: 


i.  A  number  of  geologically  important 
gases,  including  CC^,  CH^,  B^S,  SC^, 
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various  hydrocarbons  and  rare  gases  form 
hydrates  with  the  same  unit  cell  structure 
(Hollister  and  Burruss,  p.  165).  Hence, 
the  identification  of  specific  clathrates 
on  the  basis  of  form  and  habit  is  extreme¬ 
ly  difficult.  Moreover,  complete  multi- 
component  solid  solutions  are  possible 
amongst  all  of  these  clathrates  (Hollister 
and  Burruss,  1976,  p.  165).  Stability  data 
pertaining  to  tentatively  identified 
clathrates  must  therefore  be  used  with 
caution . 

ii.  The  stability  of  gas  hydrates  is  de¬ 
pendent  not  only  on  pressure  and  tempera¬ 
ture,  but  varies  according  to  the  salinity 
of  the  aqueous  solution  (Collins,  1979, 
p.  1442,  Fig.  1).  As  will  be  discussed 
later,  determination  of  salinity  in  the  pre¬ 
sence  of  gas  hydrates  is  extremely  difficult 
except  under  the  most  ideal  conditions. 

2 .  Availability  of  Stability  Data 

While  abundant  information  is  currently 

available  on  clathrates,  their  presence  in  fluid 
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inclusions  is  a  special  case  requiring  special 
consideration,  and  is  not  well  documented. 

Recent  papers  by  Collins  (1979)  and  Hollister 
and  Burruss  (1976)  provide  useful  information 
on  CC>2  and  CH^  clathrates  in  fluid  inclusions 
and  discuss  the  effect  of  salinity  on  the 
stability  of  these  compounds.  To  this  author's 
knowledge,  a  similar  treatment  of  other  geolog¬ 
ically  important  gases  and  mixtures  of  gases  is 
not  currently  available.  The  data  that  are 
available  are  based  on  studies  of  C02“’H20_NaC"'' 
and  CH^-H^O-NaCl  systems.  While  NaCl  is  known 
to  be  the  dominant  salt,  significant  quantities 
of  Ca,  K,  Mg  and  B  are  well  documented  in  fluid 
inclusions  (Roedder,  1976,  p.  98).  Moreover, 
the  chemistry  of  the  inclusions  in  the  present 
study  is  known  to  be  more  complex  than  the 
systems  mentioned  above.  Interpretation  of  the 
the  chemistry  of  these  inclusions  using  published 
stability  diagrams  for  pure  systems  is  therefore 
subject  to  some  error. 

3 .  Metastable  Phenomena 

The  existence  of  metastable  phenomena  in 
fluid  inclusions  is  well  documented  and  arises 
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from  the  fact  that  the  inclusions  represent  very 
small  systems,  even  from  an  atomic  viewpoint. 
Consequently,  failure  to  nucleate  new  stable 
phases  is  often  a  problem  (Roedder,  1967, 
p.  533). 

Metastability  has  also  been  documented  in 
the  case  of  clathrate  compounds,  where  small 
amounts  of  the  compound  persist  after  dissoci¬ 
ation  conditions  of  pressure  and  temperature 
have  been  established  (Deaton  and  Frost,  1946, 
p.  10).  In  some  cases,  metastable  compounds  may 
persist  for  a  considerable  period  of  time.  Hence, 
measurements  of  dissociation  temperatures  of 
these  compounds,  taken  as  they  are  allowed  to 
warm  up  to  room  temperature,  may  be  anomalously 
high . 

4 .  Optical  Difficulties 

The  effectiveness  of  the  present  study  was 
severely  limited  by  the  small  size  of  the  inclu¬ 
sions  and  by  poor  resolution  at  high  magnifica¬ 
tion.  In  a  recent  study  by  Collins  (1979),  most 
of  the  inclusions  examined  were  of  the  order  of 
50  to  100  microns  (largest  dimension).  According 
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to  Collins  (1979,  p.  1437),  some  of  the  detailed 
observations  regarding  phase  changes  were  not 
possible  on  inclusions  less  than  20  microns 
(largest  dimension),  depending  on  experimental 
conditions.  Moreover,  in  the  case  of  the  CO^ 
hydrate,  measurement  of  decomposition  tempera¬ 
tures  is  exceptionally  difficult  because  of  the 
similarity  in  refractive  index  between  hydrate 
and  aqueous  solution  (Collins,  1979,  p.  1437). 
The  above  difficulties  all  but  precluded  the 
observation  of  subtle  phase  changes  and  details 
of  petrography  which  are  necessary  to  the  accur¬ 
ate  interpretation  of  complex  fluid  inclusion 
systems . 

B .  Behavior  upon  Freezing 

The  following  observations  were  made  during 

freezing  of  the  inclusions. 

1.  In  all  cases,  fluid  inclusions  had  to  be 
supercooled  to  well  below  their  actual  freezing 
temperatures  before  visible  freezing  occurred. 
Generally,  inclusions  were  cooled  to  less  than 
-100°C.  In  some  cases,  temperatures  as  low  as 


-160°C  were  achieved.  This  supercooling  was 
necessary  in  order  to  overcome  metastability. 

Freezing  of  inclusions  was  observed  in 
only  a  few  cases.  Where  it  was  observed, 
inclusions  became  cloudy,  and  generally,  but 
not  necessarily,  underwent  an  abrupt  shrinkage 
of  the  vapor  bubble.  Frequently,  inclusions 
remained  clear  and  their  frozen  state  became 
apparent  only  with  the  development  of  a  crystal 
mush  on  thawing.  Freezing  occurred  at  tempera¬ 
tures  of  approximately  -80°C,  often  following 
extreme  supercooling.  In  several  cases,  inclu¬ 
sions  froze  at  -78  to  -80°C  after  warming  from 
supercooled  temperatures  of  below  -100°C. 

2.  In  several  instances,  cooling  of  fluid 
inclusions  resulted  in  the  appearance  of  a  dark 
border  surrounding  the  vapour  bubble.  This 
border,  which  appeared  to  increase  the  size  of 
the  vapour  bubble,  disappeared  abruptly  at 
-80°C  on  warming. 

3.  First  melting  temperatures'*'  could  not 
always  be  recognized.  In  some  cases  however, 

First  melting  temperature  is  defined  as  the  approximate 
temperature  during  warming,  at  which  liquid  in  appreci¬ 
able  amounts  is  formed  in  the  inclusions  (Roedder,  1962, 
p.  1054). 


temperatures  as  low  as  -56°C  to  -60°C  were  noted. 


2 

4.  Freezing  temperatures  were  generally 
greater  than  0°C  because  of  the  presence  of 
gases  and  clathration.  In  several  cases,  clath- 
rates  persisted  to  temperatures  in  excess  of 
40°C.  This  data  was  discarded  as  being  due 
to  metastable  equilibria. 

C .  Statistical  Treatment  of  Data 

Freezing  temperature  data  is  summarized  in 
Table  9  and  treated  statistically  in  Table  10  and 
Figure  19.  Because  of  the  small  population  invol¬ 
ved,  the  lack  of  a  well-defined  gaussian  distribu¬ 
tion,  and  the  possibility  of  metastable  equilibria, 
interpretation  of  this  data  is  clearly  subjective. 
Nevertheless,  freezing  temperatures  appear  to  fall 
into  three  groups  having  mean  values  of  -20.9  + 

1.8°C,  7.3  +  3.6°C  and  26.9  +  4.7°C.  The  possibil¬ 
ity  that  population  2  is  skewed  towards  higher 
values  may  be  interpreted  as  the  result  of  meta¬ 
stable  equilibria,  in  which  case  a  mean  of  7.3°C  is 

Freezing  temperature  is  defined  as  the  temperature  at 
which  the  last  crystal,  usually  ice,  melts  in  the  inclu¬ 
sion  under  reversible  equilibrium  conditions  (Roedder, 
1962,  p.  1055).  Because  of  the  presence  of  hydrates 
in  the  system,  the  term  is  used  somewhat  loosely,  and 
here  includes  "decomposition  temperature"  of  hydrates 
( Collins ,  p.  1436 ) . 


TABLE  10 


STATISTICAL  TREATMENT  OF  FREEZING  TEMPERATURE  DATA 


T 

f  (°C) 

Frequency 

%  Frequency 

( - ) 24- 

(-) 22.1 

1 

4.17 

( ~ ) 22- 

(-) 20.1 

1 

4.17 

( - ) 20- 

( -  )  1 8 . 1 

1 

4.17 

0- 

(+)  1.9 

1 

4.17 

2- 

3.9 

2 

8.33 

4- 

5.9 

4 

16.67 

6- 

7.9 

1 

4.17 

8- 

9.9 

2 

8.33 

10- 

11.9 

2 

8.33 

12- 

13.9 

2 

8.33 

14- 

15.9 

— 

— 

16- 

17.9 

— 

— 

18- 

19.9 

1 

4.17 

20- 

21.9 

— 

— 

22- 

23.9 

1 

4.17 

24- 

25.9 

— 

— 

26- 

27.9 

2 

8.33 

28- 

29.9 

1 

4.17 

30- 

31.9 

1 

4.17 

32- 

33.9 

1 

4.17 

24  100.02 


215 


216 


Freezing  Temperature  (°C) 

Figure  19  Histogram  of  Freezing  Temperature  VS  %  Frequency  for  Quartz 
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slightly  high.  While 
lation  3  is  entirely 
population  2,  this  is 
populations  appear  to 
spread  of  almost  20°C 
do  not  overlap  within 


it  can  be  suggested  that  popu- 
the  result  of  metastability  in 
not  felt  to  be  the  case.  These 
be  relatively  distinct,  with  a 
between  their  mean  values,  and 
experimental  error. 


D.  Discussion  of  Results 


1 .  Determination  of  Salinity 


The  behavior  during  freezing  of  fluid  in¬ 
clusions  in  which  gas  is  a  constituent  is  com¬ 
plex.  Gas  hydrates  form  in  fluid  inclusions 
prior  to  freezing  of  the  remaining  aqueous 
solution  to  ice.  During  their  formation,  water 
is  removed  from  the  aqueous  phase,  and  salts 
such  as  NaCl  are  rejected.  These  salts  concen¬ 
trate  in  the  residual  aqueous  phase  and  in¬ 
crease  its  salinity.  Consequently,  salinity 
estimates  based  on  the  depression  of  the 
freezing  point  of  water  by  salts  will  be  anoma¬ 
lously  high  and  may  be  in  error  by  as  much  as 
50%  (Collins,  1979,  p.  1443). 
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The  addition  of  NaCl  or  a  similar  electro¬ 
lyte  decreases  the  chemical  potential  of  water 
and  thereby  lowers  the  temperature  of  forma¬ 
tion  of  hydrates  (Hollister  and  Burruss,  1976, 
p.  166).  Because  hydrate  freezing  temperatures 
are  salinity  dependent,  a  knowledge  of  freezing 
temperatures  can  be  used  to  determine  the  salin¬ 
ity  of  the  aqueous  solution  indirectly,  provided 
the  chemistry  of  the  inclusion  is  well  under¬ 
stood  (Collins,  1979,  p.  1441).  In  the  present 
case  the  complex  chemistry  of  the  inclusions  and 
uncertainties  regarding  the  composition  of  the  gas 
phase  make  such  a  determination  impossible. 
Nevertheless,  a  variety  of  useful  information 
can  be  gleaned  from  the  foregoing  studies. 

i.  In  the  three  cases  in  which  clathrate 
compounds  did  not  form  and  daughter  crys- 
stals  were  not  present,  freezing  took 
place  between  -18.9°C  and  -22.4°C,  with  a 
mean  of  -20.9  +  1.8°C.  If  we  assume  that 
these  are  relatively  simple  2  phase  inclu¬ 
sions  of  the  system  NaCl-H^O,  then  a  salin¬ 
ity  of  23  wt  %  NaCl  equivalent  is  indicated 
(Roedder,  1962,  Figure  4,  p.  1059).  As 
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pure  NaCl  can  only  depress  Tf  to  -21.1°C 
(op.  cit.,  Figure  4),  the  presence  of 
other  salts  is  indicated  in  at  least  one 
instance . 

ii.  First  melting  temperatures  as  low  as 
-56°C  to  -60°C  (this  Chapter,  p.  214) 
appear  to  suggest  a  complex  solution, 
presumably  with  a  significant  calcium  com¬ 
ponent  (Roedder,  1963,  p.  178). 

iii.  Daughter  crystals  were  present  in  10 
of  the  24  inclusions  for  which  freezing 
data  are  available.  Moreover,  of  the  38 
inclusions  examined  in  this  study  as  a 
whole,  19  (50%)  contained  halite  daughters 
and  are  therefore  saturated  with  respect 
to  NaCl  (Roedder,  1967,  p.  533). 

In  view  of  the  tentative  identifica¬ 
tion  of  sylvite  and  sulphate  daughter 
crystals  in  some  inclusions,  high  concen¬ 
trations  of  KC1  and  CaSO^(?)  must  be  con¬ 
sidered  a  possibility,  at  least  in  some 
instances.  According  to  Roedder  (1967, 
p.  533),  salt  crystals  generally  nucleate, 
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even  in  very  small  inclusions,  but  other 
phases  present  in  smaller  amounts  may  fail 
to  form  daughter  crystals  because  of  meta¬ 
stability.  This  lends  some  credence  to 
the  idea  that  high  concentrations  of 
potassium  and  sulphate  are  present  in  all 
inclusions,  but  that  daughter  crystals  of 
sylvite  and  anhydrite  failed  to  nucleate 
in  all  but  a  few.  To  some  extent,  this  is 
supported  by  the  fact  that  two  of  three 
sylvite(?)  daughters  tentatively  identified 
in  this  study  were  found  in  relatively  large 
inclusions  (Table  9). 

2 .  Clathrate  Chemistry 

The  formation  of  clathrates  in  the  inclu¬ 
sions  during  freezing  has  been  well  established, 
and  is  a  useful  indicator  of  the  presence  of 
even  small  amounts  of  gases  dissolved  in  the 
aqueous  solution  (Collins,  1979,  p.  1440).  Unfor¬ 
tunately,  the  complex  chemistry  of  clathrates 
discussed  earlier,  makes  precise  identification 
of  these  gases  all  but  impossible.  In  spite  of 


these  limitations  however,  several  tentative 
observations  can  be  made. 

Freezing  temperatures  greater  than  0°C 
have  been  shown  to  fall  into  two  reasonably 
distinct  groups.  It  is  evident  from  Table  9 
that  clathrates  in  different  inclusions  in  a 
given  specimen  may  decompose  within  either  of 
the  above  temperature  ranges.  It  is  reasonable 
to  assume  that  inclusions  in  a  given  specimen, 
separated  by  distances  of  perhaps  a  few  microns 
were  trapped  at  the  same  pressure.  Therefore, 
if  we  assume  that  salinity  is  also  constant, 
this  difference  in  decomposition  temperature 
may  be  attributable  to  a  variation  in  the  gas 
composition  and  appears  to  suggest  that  the 
fluid  chemistry  varied  somewhat  with  respect  to 
gas  content,  even  over  short  intervals. 

Although  the  composition  of  the  gases  form 
ing  the  clathrates  cannot  be  determined  with 
certainty,  it  seems  probable  that  002(g)  is 
present  in  at  least  some  of  the  inclusions.  In 
support  of  this  conclusion  are  the  following 


observations : 
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i.  CC>2  is  the  commonest  gas  found  in 
fluid  inclusions  (Stanton,  1972,  p.  167). 
Unfortunately,  its  presence  is  not  always 
easy  to  detect.  According  to  Roedder 
(1963,  p.  195),  unless  the  gas  bubble  is 
squeezed  very  flat,  even  10%  liquid  CO^ 
can  be  missed  optically  because  it  clings 
to  the  interface  between  the  gas  bubble 
and  water,  and  is  hidden  by  total  reflec¬ 
tion.  Moreover,  if  the  CO^  pressure  in 
inclusions  is  not  high,  a  separate  liquid 
CC>2  phase  may  fail  to  develop,  even  on 
cooling  slightly  below  the  critical  point 
for  CC>2(+310C)  (Roedder,  1963,  p.  188). 

In  some  cases,  the  development  of  a  liquid 
CC>2  phase  on  rapid  cooling  can  only  be 
detected  by  a  slight  darkening  of  the  bor¬ 
ders  and  a  rigorous  motion  of  the  gas 
bubble  (Roedder,  1963,  p.  195).  In  the 
present  study,  a  slight  darkening  of  the 
border,  and  apparent  enlargement  of  the  gas 
bubble  on  rapid  cooling  has  been  noted 
(this  Chapter,  p.  213),  and  may  suggest  the 
presence  of  a  liquid  CC>2  phase.  The  sudden 
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disappearance  of  this  phase  at  -80°C  may  be 
interpreted  as  a  masking  effect  due  to 
freezing  of  water  in  the  inclusions  at 
this  temperature.  In  inclusions  where 
this  darkening  was  not  noted,  the  possibil¬ 
ity  that  CO^  is  present  as  a  dissolved  gas 
in  the  aqueous  solution  must  be  considered. 

ii.  Of  the  major  geologically  important 
gases,  H^S  is  readily  detectable  by  its 
strongly  sulphurous  odour,  even  in  very 
minute  quantities.  Crushing  of  specimens 
used  in  this  study  did  not  reveal  the  pre¬ 
sence  of  H^S ( g )  and  it  is  therefore  elimin¬ 
ated  as  a  possibility. 

iii.  The  abundance  of  carbonate  in  the 
diatreme  suggests  that  CO^  was  present,  at 
least  during  certain  phases  of  hydrothermal 
activity. 

Although  the  presence  of  CO2  has  been  ten¬ 
tatively  established  in  these  inclusions,  evi¬ 
dence  suggests  that  the  low  temperature  clath- 
rates  are  probably  hybrid  compounds  of  H^O  and 
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at  least  two  gases,  one  of  which  may  be  CC>2. 

Figure  20  shows  phase  relations  for  the  system 
H20-C02  and  indicates  that  while  clathrates  of 
pure  H20  and  CC>2(g)  can  exist  up  to  +10°C, 
pure  CC>2  clathrates  in  equilibrium  with  a  sat¬ 
urated  solution  of  NaCl  such  as  that  postulated 
in  this  study,  cannot  exist  above  approximately 
-10°C,  regardless  of  pressure.  Although  the  chem¬ 
istry  of  this  system  is  clearly  more  complex  than 
is  indicated  by  Figure  20,  a  decomposition  temp¬ 
erature  of  +7.3°C  in  a  saturated  NaCl  solution  is 
not  consistent  with  pure  CO^  clathrates. 

Next  to  CC>2,  CH^  is  the  most  common  gas 
occurring  in  fluid  inclusions  (Collins,  1979, 
p.  1442),  and  the  CH^  clathrate  is  completely 
miscible  with  the  CC>2  clathrate  (Hollister  and 
Burruss,  1976,  p.  165).  Although  the  presence  of 
CH^  cannot  be  conclusively  demonstrated,  its  addi¬ 
tion  into  the  C02-H20  system  shifts  the  decomposi¬ 
tion  isochore  to  higher  temperatures  and  pressures, 
and  effectively  counteracts  the  influence  of  NaCl 
in  the  solution  (Collins,  1979,  p.  1442).  A 
hybrid  CC>2-CH4  clathrate  in  a  saturated  NaCl  solu¬ 
tion  can  therefore  exist  at  temperatures  greater 


Phase  Diagram  for  the  System 
H20-C02The  Dashed  lines  indicate 
the  shift  to  lower  Temperatures 
of  the  decomposition  of  CO2 
hydrate  in  equilibrium  with  5 
mass  %,  10  mass  %  and  saturated 
Nacl  solutions  (  24.2  mass  %  ) 

(after  Collins,  Fig.  l.p.1436  ) 

Figure  20 
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than  -10°C,  although  exact  dissociation  conditions 
of  such  a  compound  are  not  known. 

The  pure  methane  clathrate  can  exist  in  a 
highly  saline  solution  at  a  temperature  of 
+7.25°C  (45°F),  though  at  a  relatively  high  pres¬ 
sure  ( Figure  21 )  . 


In  light  of  the  above  discussion,  the  ident¬ 
ity  of  the  clathrates  is  a  matter  of  speculation. 
Although  CO^is  present  in  the  system,  it  is 
unlikely  to  occur  in  large  amounts  because  its 
solubility  in  salt  solutions  is  heavily  dependent 
on  the  concentration  of  salt,  and  decreases  rapid¬ 
ly  as  salinity  increases.  It  is  unlikely  there¬ 
fore,  that  a  large  quantity  of  CC>2  would  dissolve 
in  a  hydrothermal  solution  saturated  or  very  near¬ 
ly  saturated  with  NaCl  (Takenouchi  and  Kennedy, 
1965,  p.  451).  Moreover  because  of  the  high  sal¬ 
inity  of  the  inclusions,  clathrates  of  pure  CO ^ 
cannot  exist  at  temperatures  greater  than  0°C. 
Therefore,  it  is  tentatively  concluded  that  the  low 
temperature  clathrates  (T^  =  7.3°C)  are  hybrid 
compounds  of  H^O,  CO^Cg)  and  another  gas,  possibly 


methane . 
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Methane  Hydrate  Decomposition 
Conditions  for  various  Sodium 
Chloride  Brine  Concentrations 

(after  Kobayashi  et  al,fig.3,p.29) 


Figure  21 
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The  possibility  that  the  range  in  clathrate 
decomposition  temperatures  in  closely  spaced 
inclusions  within  a  given  specimen  is  the  result 
of  variations  in  gas  content  has  already  been 
discussed.  In  view  of  the  potential  for  solid 
solution  amongst  gases  forming  clathrates,  such  a 
variation  in  decomposition  temperature  could  be 
the  result  of  small  fluctuations  in  the  relative 
concentrations  of  CO^  and  CH^(?)  in  a  given 
inclusion.  This  postulated  variation  in  gas  con¬ 
tent  is  supported  by  the  observation  that  those 
inclusions  having  a  mean  T^  of  -20.9°C  (Figure  19) 
appear  to  contain  no  gas  whatsoever.  Conceivably, 
a  wide  range  in  gas  composition  may  exist  between 
the  pure  end  members  CH^(?)  and  CO^. 

Those  clathrates  having  a  mean  decomposition 
temperature  of  26.9°C  (80.6°F)  are  somewhat  more 
problematic.  While  metastability  may  have  had 
some  effect  on  the  decomposition  temperature  of 
these  compounds,  statistical  considerations  suggest 
that  this  relatively  high  temperature  population 
is  real.  Even  if  it  is  assumed  that  metastability 
has  resulted  in  an  apparant  Tf  several  degrees 
higher  than  the  actual  T^,  the  composition  of 
these  clathrates  remains  speculative. 
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The  pure  methane  hydrate  is  stable  up  to 
+21.4°C  (Roedder,  1963,  p.  193).  Reference  to 
Figure  21  however,  suggests  that  for  highly 
saline  inclusions,  this  temperature  is  consider¬ 
ably  lower.  Moreover,  extrapolation  of  Figure  21 
suggests  that  even  for  a  decomposition  temperature 
as  low  as  20°C  (68°F)  in  a  20  wt  %  NaCl  solution, 
corresponding  pressures  would  be  extremely  high 
and  unrealistic  (see  "Geobarome try ,  this  Chapter, 
p.  229). 

Although  this  is  in  apparent  contradiction  to 
the  foregoing  discussion,  Hollister  and  Burruss 
(p.  165)  have  stated  that  at  a  given  pressure,  the 
CC^-CH^  clathrate  melts  at  a  higher  temperature 
than  for  the  pure  CH^  clathrate.  The  magnitude  of 
this  effect  is  unknown  however. 

According  to  Collins  (1979,  p.  1443)  gas 
hydrate  melting  above  10°C  may  be  a  useful 
indicator  of  the  presence  of  hydrocarbons  in 
fluid  inclusions,  and  these  must  be  considered  a 
viable  possibility  in  this  instance.  Unfortun¬ 
ately,  available  data  do  not  justify  further 
speculation . 

3 .  Geobarome try 


Because  clathrates  are  pressure-temperature 
dependent,  the  decomposition  temperature  can  be 
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used  in  conjunction  with  phase  diagrams  to 
determine  the  pressure  within  the  fluid  inclu¬ 
sion.  Assuming  that  the  inclusion  has  remained 
a  closed  system,  this  pressure  should  be  equiva¬ 
lent  to  the  pressure  on  the  fluid  at  the  time  it 
was  trapped. 

In  the  present  case,  uncertainties  as  to 
the  composition  of  the  clathrates  makes  such 
pressure  determinations  difficult.  Nevertheless, 
by  making  certain  assumptions,  it  is  possible  to 
establish  broad  limits  on  the  pressure  regime 
under  which  the  quartz  veins  formed. 

Reference  to  Figure  20  indicates  that  pure 
CO^  clathrates  in  equilibrium  with  a  saturated 
solution  of  NaCl  cannot  exist  above  approximate¬ 
ly  -10°C,  regardless  of  pressure.  However,  pure 
CC>2  clathrates  in  equilibrium  with  pure  H^O  can 
exist  up  to  approximately  +10°C.  The  addition 
of  methane  into  the  CO^-H^O  system  shifts  the 
decomposition  isochore  to  higher  temperatures 
and  pressures,  and  counteracts  the  effect  of 
NaCl  in  the  solution  (this  Chapter,  p.  224). 

Hence  if  we  assume  that  the  low  temperature 
clathrates  are  CO^-CH^  hybrids,  Figure  20  can  be 
used  to  determine  a  minimum  pressure  on  the  sys¬ 
tem,  using  the  0%  NaCl  isochore  (Q^Q2B). 
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Using  a  mean  decomposition  temperature  of 
7.3°C,  a  pressure  of  approximately  30  bars  (435 
psi)  is  indicated.  Assuming  an  average  over¬ 
burden  pressure  of  565  psi/1000  feet,  this 
corresponds  to  a  minimum  depth  of  formation  of 
770  feet  (235  metres). 

The  possibility  that  at  least  some  clath- 
rates  are  pure  CH^-H^O  compounds,  makes  it 
possible  to  determine  a  maximum  pressure  for  the 
system.  Extrapolation  of  Figure  21  indicates 
that  a  decomposition  temperature  of  7.3°C  corres¬ 
ponds  approximately  to  a  pressure  of  4000  psi 
(276  bars)  in  highly  saline  (i.e.  20  wt  %)  NaCl 
inclusions.  Using  an  average  overburden  pressure 
of  565  psi/1000  feet,  a  depth  of  7080  feet  (2158 
metres)  is  indicated. 

As  the  composition  of  the  gas  is  not  known 
with  certainty  and  the  chemistry  of  the  aqueous 
solution  is  somewhat  more  complex  than  that 
shown  in  Figures  20  and  21,  the  above  pressure 
determinations  are  clearly  subject  to  some 
error.  Nevertheless,  a  pressure  range  of  435 
psi  to  4000  psi  (235  m  to  2158  m)  while  con¬ 
siderable,  is  in  accordance  with  independent 
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evidence  which  suggests  an  intermediate  to 
shallow  depth  of  formation  as  follows: 


i.  The  absence  of  boiling  phenomena,  and 
the  presence  of  gases  in  the  inclusions 
suggests  that  the  system  was  not  vented  and 
was  therefore  probably  not  a  surface  phen¬ 
omenon  . 


ii.  The  postulated  control  of 
carbonate  veins  by  joint  plane 
tectonic  unloading  (this  thesi 
the  dilatant  nature  of  many  of 
veins,  particularly  along  bedd 
suggests  that  the  event  was  re 
near  surface. 


quartz- 
s  related  to 
s ,  p.  150),  and 
the  smaller 
ing  planes, 
lat ively 


iii.  The  presence  of  barite  in  the  diatreme 
may  suggest  near-surface  deposition,  as  barium 
in  solution  commonly  migrates  to  the  region 
of  sulphate  stability  and  thus  is  often 
bound  to  a  narrow  zone  close  to  the  earth's 
surface  (Fischer  and  Puchelt,  1978, 


p.  56-F-2 ) . 
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iv.  Consideration  of  the  regional  strati¬ 
graphy  (Figure  7)  suggests  that  these  veins 
which  now  cut  the  Akaitcho  Formation,  could 
have  been  overlain  by  a  maximum  of  1000 
metres  of  sedimentary  and  volcanic  cover; 
probably  substantially  less. 

VII .  High  Temperature  Studies 

A.  Introduction 

The  use  of  fluid  inclusions  as  geothermometers 
is  based  on  the  homogenization  temperature  (T^) 
determined  by  heating  the  inclusions  until  liquid 
and  vapour  phases  homogenize.  Unfortunately,  can 
only  be  considered  a  minimum  temperature  of  formation 
(Smith  and  Little,  1959,  p.  380).  Determination  of  the 
true  formation  temperature  requires  the  application 
of  a  pressure  correction  which  can  usually  only  be 
estimated,  and  hence  limits  the  usefulness  of  fluid 
inclusions  as  geothermometers. 

B .  Statistical  Treatment  of  Data 

Fluid  inclusions  homogenized  in  the  liquid  phase 
on  heating. 


Homogenization  temperatures  determined  in  this 
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study  are  listed  in  Table  9,  and  are  treated  statis¬ 
tically  in  Table  11  and  Figure  22.  On  the  basis  of  this 
data,  there  appears  to  be  no  well-  defined  difference 
between  homogenization  temperatures  in  giant  quartz 
veins,  and  those  in  quartz-carbonate  veins,  and  they  are 
therefore  treated  as  a  single  population.  The  mean  homo¬ 
genization  temperature  for  this  population  is 
145.7  +  9 . 3  °C . 

C .  Pressure  Correction  and  Temperature  of  Formation 

The  application  of  a  pressure  correction  is  con¬ 
tingent  on  a  knowledge  of  the  depth  at  which  the 
deposit  formed,  and  assumes  that  the  total  pressure 
on  the  system  is  equal  to  the  lithostatic  pressure. 

While  the  magnitude  of  this  correction  is  well  known 
for  aqueous  NaCl  solutions  (Potter,  1977),  the  presence 
of  CC>2  or  other  gases  in  the  inclusions  complicates  the 
correction  somewhat  (Smith  and  Little,  1959,  p.  385). 
Unfortunately,  published  information  pertaining  to 
pressure  corrections  for  the  system  H^O-NaCl-CO^  do 
not  appear  to  be  available.  The  situation  is  further 
complicated  by  the  postulated  presence  of  CH^f  the 
effect  of  which  is  not  known. 


TABLE  11 


STATISTICAL  TREATMENT  OF  HOMOGENIZATION  TEMPERATURE  DATA 


1 

i=r 

o 

n 

Frequency 

%  Frequency 

115-119.9 

1 

4.76 

120-124.9 

— 

— 

125-129.9 

— 

— 

130-134.9 

— 

— 

135-139.9 

4 

19.05 

140-144.9 

4 

19.05 

145-149.9 

6 

28.57 

150-154.9 

3 

14.29 

155-159.9 

2 

9.52 

160-164.9 

1 

4.76 

21 

100.00 

235 


- 


%  Frequency 


Homogenization  Temperature  (°C) 

Figure  22  Histogram  of  Homogenization 
Temperature  VS  %  Frequency  for  Quartz 
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In  spite  of  these  limitations,  an  approximate 
temperature  of  formation  can  be  obtained  from  the 
data  of  Potter  (Figures  5  and  6).  Although  gases 
are  known  to  be  present  in  the  inclusions,  the  fact 
that  they  were  not  visible,  suggests  that  the  gas 
pressure  is  relatively  low  and  that  gases  are  a 
minor  constituent.  Therefore,  their  effect  on  the 
homogenization  temperature  of  the  inclusions  is  felt 
to  be  relatively  minor,  and  a  pressure  correction 
for  the  system  NaCl-H^O  is  tentatively  assumed  to 
closely  approximate  that  required  for  the  system  pre¬ 
sently  under  study. 

In  determining  the  pressure  correction  (AT), 
it  is  assumed  that  the  fluid  is  saturated  with  NaCl 
(i.e.  23.3  wt  %  NaCl). 

(i)  Minimum  Pressure  Correction 

P  =  30  bars,  AT  .  =  4.7  +  3°C 

min  — 

Minimum  temperature  of  formation  = 

(145.7  +  9 . 3  °C )  +  (4.7  +  3°C) 

T  .  =  150.4  +  12. 3  °C1 

min  — 

AT  values  have  an  uncertainty  of  +  3°C  (Potter,  1977, 
p.  603).  This  uncertainty  has  been  added  to  the  error 
already  determined  for  T,  . 
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(ii)  Maximum  Pressure  Correction 

P  =  276  bars.  At  =  33.4  +  3°C 

max  — 

Maximum  temperature  of  formation  = 

(145.7  +  9 . 3  °C )  +  (33.4  +  3°C) 

T  =  179.1  +  12. 3  °C . 

max  — 

VIII.  Implications 

A  considerable  volume  of  fluid  inclusion  data  is 
available  from  deposits  of  diverse  origins.  On  the  basis 
of  this  data,  generalizations  can  be  made  regarding  the 
nature  of  various  types  of  mineralizing  fluids.  In  partic¬ 
ular,  Roedder  (1976,  p.  87-95)  has  been  able  to  distinguish 
tentatively  between  magmatic  hydrothermal  and  Mississippi 
Valley-type  fluids,  on  the  basis  of  fluid  inclusion 
characteristics  such  as  temperature,  gross  salinity  and 
density . 

A .  Temperature 

Homogenization  temperatures  of  inclusions  in 
Mississippi  Valley-type  deposits  range  from  100°C  to 
150°C  and  rarely  as  high  as  200°C,  whereas  magmatic 
hydrothermal  deposits  range  from  100°C  to  more  than 
500°C  and  frequently  show  a  range  of  more  than  100°C 
for  minerals  in  a  single  deposit.  In  the  present 
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study,  the  relatively  low  homogenization  temperature 
(146°C)  and  narrow  temperature  range  are  consistent 
with  Mississippi  Valley-type  fluids. 

B .  Gross  Salinity 

The  salinity  of  inclusions  from  Mississippi 
Valley-type  deposits  is  seldom  less  than  15  wt  %  NaCl 
equivalent,  and  frequently  exceeds  20  wt  %.  Moreover, 
analyses  of  these  inclusions  indicate  that  the  salts 
consist  mainly  of  Na  and  Ca  chlorides,  with  Cl-Na-Ca- 
K-Mg  and  B  in  order  of  decreasing  wt  %  (Roedder,  1976, 
p.  98).  Magmatic  hydrothermal  deposits  generally  have 
salinites  of  less  than  10  wt  %  NaCl  equivalent.  The 
very  high  NaCl  content  and  the  inferred  presence  of 
Ca  and  K  in  the  inclusions  in  this  study  is  consis¬ 
tent  with  the  composition  of  Mississippi  Valley-type 
fluids. 

C .  Density 

Most  Mississippi  Valley-type  fluids  have  densi¬ 
ties  very  close  to  or  slightly  greater  than  1  gm/cc. 
Magmatic  fluids  on  the  other  hand  are  generally  signi¬ 
ficantly  less  than  1  gm/cc. 
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The  density  of  the  fluid  in  this  study  was  found 
to  be  1.23  gm/cc  (Appendix  2).  This  is  an  approxi¬ 
mate  density  because  of  uncertainties  regarding  the 
composition  of  the  liquid,  and  the  volume  occupied  by 
the  vapour  bubble.  Also,  the  presence  of  gas  in  the 
inclusions  would  reduce  this  figure  slightly.  In 
spite  of  these  uncertainties  however,  the  density  of 
the  fluid  is  felt  to  be  slightly  greater  than  1  gm/cc, 
which  is  consistent  with  Mississippi  Valley-type 
fluids . 

On  the  basis  of  the  above  considerations,  the  mineral¬ 
izing  fluid  examined  in  this  study  appears  to  be  consistent 
with  Mississippi  Valley-type  fluids,  although  the  possibil¬ 
ity  of  a  magmatic  hydrothermal  origin  cannot  be  eliminated 
with  certainty. 

The  term  "Mississippi  Valley-type  deposit"  includes  a 
highly  diverse  assemblage  of  mineral  deposits.  The  origin 
of  these  deposits  is  a  matter  of  some  debate,  but  most 
appear  to  result  from  one  or  more  processes  in  which  an 
ore  element  is  dissolved  from  a  dilute  source  area,  trans¬ 
ported  to  the  future  site  of  the  mineral  occurrence,  and 
deposited  in  a  concentrated  form  (Roedder,  1976,  p.  68). 
Proposed  sources  of  ore  elements  include  sea  water,  leach¬ 
ing  from  sedimentary,  metamorphic  and  igneous  rocks. 


expulsion  from  recrystallizing  metamorphic  minerals  and 
recrystallizing  magmas,  and  volcanic  exhalations  (Roedder, 
1976,  p.  68).  Meteoric  water,  sea  water,  connate  and 
decomposition  fluids  in  sediments,  and  metamorphic  and  mag¬ 
matic  waters  have  all  been  proposed  as  sources  of  mineral¬ 
izing  fluids. 

The  precise  origin  of  the  fluid  in  this  study,  and 
implications  regarding  the  sources  of  the  mineralization 
are  discussed  in  the  following  chapters. 


CHAPTER  8 

OXYGEN  ISOTOPE  STUDY 
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I .  Introduction 

In  the  previous  chapter,  the  temperature  and  chemistry 
of  the  hydrothermal  fluid  responsible  for  the  formation  of 
late-stage  quartz  veins  were  determined.  On  the  basis  of 
these  data  it  was  concluded  that  the  fluid  was  not  of  mag¬ 
matic  hydrothermal  origin,  but  its  precise  derivation  could 
not  be  defined.  The  purpose  of  this  study  is  to  com¬ 
bine  the  above  data  with  the  results  of  oxygen  isotope 
work,  and  so  determine  as  nearly  as  possible,  the  origin 
of  this  fluid. 

I I .  Theoretical  Background 

Water  is  the  principle  constituent  of  hydrothermal 
fluids  and  a  knowledge  of  its  origin  is  essential  to  any 
theory  on  the  formation  of  a  mineral  deposit.  As  oxygen 
isotopes  are  geochemical  parameters  based  on  the  water 
molecules  themselves,  they  are  an  ideal  source  of  infor¬ 
mation  on  the  genesis  of  hydrothermal  fluids.  Because 
of  isotopic  fractionation  during  natural  chemical  and 

physical  processes,  natural  waters  of  different  origins 

1 8 

show  systematic  differences  in  their  0  contents.  These 

p  18 

differences  are  sufficiently  well  understood  that  the  o  0 
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value  of  the  water  can  be  used  as  an  indicator  of  its 
source.  According  to  White  (1974,  p.  955),  six  major  types 
of  water  are  active  in  the  formation  of  ore  deposits; 
meteoric  water,  ocean  water,  connate  water,  metamorphic 
water,  magmatic  water  and  juvenile  water.  Each  of  these  may 
be  altered  isotopically  and  chemically  by  migration  into 
new  physical  and  chemical  environments.  Indeed,  the 
formational  history  of  many  ore  deposits  is  sufficiently 
complex  that  more  than  one  of  the  above  types  of  water 
may  have  been  involved  at  some  point  (op.  cit.,  p.  971). 

p  18 

The  0  values  of  hydrothermal  waters  determined  for  a 

given  ore  deposit  are  interpreted  in  terms  of  the  above 
considerations . 

Ill .  Methodology 

p  18  ... 

£  0  values  have  been  determined  for  five  specimens 

of  quartz  for  which  homogenization  temperatures  are  known 

p  18 

(Chapter  7,  Table  9).  The  ^  0  values  of  water  in 

equilibrium  with  this  quartz  at  a  given  temperature  have 
been  determined  using  the  following  isotope  thermometry 
equation  for  the  quartz-water  system  (Knauth  and  Epstein 
1976)  : 

S  180  =  S 180n  -  [3.09  x  106/T2  -  3.29] 

w  Q  ' 

where  T  =  equilibrium  temperature  in  °K 
W  =  water 


Q  =  quartz 
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p  ip 

The  calculation  of  b  0  was  performed  twice  for  each 

w 

sample  in  order  to  take  into  consideration  the  range  in 
temperatures  resulting  from  the  application  of  pressure 
corrections.  The  temperatures  used  are  the  maximum  temper¬ 
ature  of  formation  (T,  +A T  )  and  the  minimum  tempera¬ 
te  max  ^ 

ture  of  formation  ( T,  +AT  .  )  (this  thesis,  p.937). 

'  h  min  '  r 

The  results  of  these  calculations  are  summarized  in  Table 

12. 

IV.  Discuss  ion 

The  following  observations  are  based  on  Table  12. 

P  18 

A.  The  range  of  d  0^  values  between  the  five 

samples  is  small  and  suggests  that  quartz  from 
both  quartz-carbonate  veins  and  giant  quartz 
veins  crystallized  from  solutions  which  were 
isotopically  similar.  Fluid  inclusion  studies 
suggest  that  the  chemistry  of  these  fluids  was 
also  similar,  at  least  with  respect  to  dissolv¬ 
ed  salts. 

a  is 

The  fact  that  the  b  0  value  of  quartz  from 
quartz-carbonate  veins  is  slightly  more  posi¬ 
tive  than  that  of  quartz  from  giant  quartz 
veins  is  due  to  a  mass  balance  effect  between 
quartz  and  carbonate,  as  the  latter  is  enriched 


in 


TABLE  12 


OXYGEN  ISOTOPE  DATA  FOR  QUARTZ 


Sample"*" 

No . 

£18oq 

tr 

o 

n 

T  .  (°C) 

mm  v 

I 

^18o 

W 

II 

T  (  °C) 

max  v 

S18o 

w 

N3B 

+13.09 

146.2 

150.9 

-0.82 

179.6 

+  1.30 

45B 

+12.67 

145.1 

149.8 

-1.33 

178.5 

+  0.80 

31B 

+11.82 

150.0 

154.7 

-1.78 

183.4 

+  0.28 

267-10 

+14.22 

138.0 

142.7 

-0.37 

171.4 

+1.86 

362-6 

+14.21 

142.0 

146.7 

-0.04 

175.4 

+  2.13 

mean : 

-0.87 

mean : 

+1.27 

I 


calculated 

T  .  =  T, 

min  h 


+ 


using 

T  . 
min 


minimum 
,  where 


temperature  of 
AT  .  =  4 . 7  °C 


mm 


formation 


II 


calculated 

T  =  T, 
max  h 


using  maximum 

*  AT  ,  where 
max 


temperature  of  formation 

AT  =  33 . 4 °C  . 
max 


Samples  from  Quartz  and  Quartz-carbonate  veins  cutting  the 
BBX  diatreme  and  adjacent  sediments 
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p  18 

B.  The  range  m  ^  0  values  which  does  exist 

suggests  either  that  the  fluid  evolved  slightly 
with  time,  and/or  that  the  system  was  closed. 

In  an  open  system  with  an  infinite  reservoir 

p  18 

of  water,  0^  would  be  expected  to  be  the 

same  in  all  cases.  The  possibility  that  T^ 
values  are  slightly  in  error  must  also  be 
cons idered . 

C.  The  $ 180  value  of  the  hydrothermal  fluid 
ranges  from  slightly  negative  to  slightly  posi¬ 
tive,  depending  on  whether  T  .  or  T  was 

c  r  mm  max 

P  i  s 

used  in  the  calculation.  The  0  value  of  the 

fluid  can  be  assumed  to  lie  somewhere  between 
these  two  extremes.  The  arithmetic  mean  of  the 
10  values  listed  in  Table  12  is  +0.20%o  SMOW. 

It  can  be  concluded  from  this  that  the  mineral¬ 
izing  fluid  was  definitely  not  of  primary  magma¬ 
tic  or  of  metamorphic  origin  (Taylor,  1974, 
pp.  850,  851,  855).  Seawater  and  connate  forma¬ 
tion  remain  as  possibilities. 

1 .  Seawater 

The  isotopic  composition  of  present  day 
seawater  is  very  uniform  at  S^80  =  O 
(Taylor,  1974,  p.  850).  If  it  is  assumed 
that  the  isotopic  composition  of  the  ocean 
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has  remained  constant  through  time,  it  is 
reasonable  to  suggest  that  the  fluid  in 
question  is  seawater. 

2 .  Connate  Formation  Water 

Connate  water  is  initially  ocean  water 
which  has  been  trapped  in  marine  sediments 
and  has  been  out  of  contact  with  the  atmos¬ 
phere  for  at  least  an  appreciable  part  of 
a  geologic  period  (White,  1974,  p.  955). 
According  to  Taylor  (1974,  p.  852),  these 
waters  show  a  very  wide  range  in  both  £ 
and  salinity.  Isotopic  evidence  cited  by 
Taylor  (1974,  p.  853)  suggests  that  meteoric 
waters  are  a  major  constituent  of  these 
brines  (especially  "Oil  Field  Brines")  in  the 
mid-continent  region  of  North  America. 

V.  Conclusions 

It  is  clear  from  the  above  that  the  precise  origin  of 
the  hydrothermal  fluid  cannot  be  resolved  on  the  basis  of 
oxygen  isotope  work  alone.  While  the  isotopic  composition 
of  the  fluid  is  strongly  suggestive  of  seawater,  the  pre¬ 
sence  of  trapped  gases  and  the  absence  of  boiling  phenomena 
in  the  fluid  inclusions  suggest  that  the  deposit  formed  at 
some  depth,  and  therefore  rules  out  seawater  per  se  as  the 
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mineralizing  fluid. 

It  is  concluded  therefore,  that  the  mineralizing  fluid 

contained  connate  formation  water  as  its  principle  compon- 

P  18 

ent.  The  possible  slightly  negative  5,  0  of  this  solution 

may  imply  a  small  meteoric  component.  It  is  conceivable 
that  the  very  high  salinity  of  the  brine  is  in  part  origin¬ 
al  (from  seawater)  and  in  part  due  to  the  solution  of 
evaporites  or  to  shale  membrane  filtration  (Taylor,  1974, 
p.  852).  Water  which  has  undergone  these  chemical  and  iso¬ 
topic  changes  is  referred  to  as  "evolved  connate  water" 
(White,  1974,  p.  955),  and  the  fluid  is  a  stratafugic  brine 
originating  within  the  sedimentary  pile. 


Closing  Remarks  to  Section  III 


I.  The  quartz  veins  which  have  been  studied  in  the  pre¬ 
vious  two  chapters  represent  a  very  late  phase  of  hydro¬ 
thermal  activity,  and  contain  only  minor  amounts  of 
mineralization  (mainly  chalcopyr ite ) .  Two  principle  lines 
of  evidence  suggest  that  certain  earlier  phases  of  hydro- 
thermal  activity  responsible  for  the  deposition  of  substan¬ 
tial  quantities  of  copper  and  lead  mineralization,  (Phase  II 
Chapter  10),  and  of  barite  (Phase  III,  Chapter  10)  may  have 
had  a  similar  chemistry,  and  also  originated  as  connate 
brines  within  the  sedimentary  pile. 


1 .  Fluid  Inclusion  Evidence 

Quartz  occurs  as  a  gangue  mineral  in  equilibrium 
with  galena  and  chalcopyrite  in  the  main  mineralized 
zones.  Barite  is  associated  in  some  instances.  Fluid 
inclusions  in  quartz  and  barite  from  these  zones  were 
found  to  be  extremely  small,  and  therefore  unsuitable 
for  heating  and  freezing  studies.  In  spite  of  the  smal 
size  however,  a  variety  of  qualitative  information  was 
obtained  from  petrograhic  studies.  Filling  ratios  in 
fluid  inclusions  in  both  quartz  and  barite  suggest  low 
to  moderate  temperatures  of  homogenization.  In  addi¬ 
tion,  the  presence  of  halite  daughter  crystals  in  many 
inclusions  suggest  that  the  fluid  was  saturated  with 
respect  to  NaCl.  As  many  as  four  daughters  were 


251 


observed  in  a  single  inclusion  in  both  quartz  and 
barite.  Based  on  the  habit  of  these  crystals,  sylvite 
and  anhydrite  were  tentatively  identified  in  addition 
to  halite.  In  two  instances,  a  small  droplet  of 
unidentified  immiscible  liquid  was  observed  adjacent 
to  the  vapour  bubble  in  inclusions  from  barite. 


These  features  suggest  a  relatively  low  tempera¬ 
ture,  highly  saline,  chemically  complex  solution 
containing  a  third  fluid  phase  in  some  instances,  and 
are  consistent  with  data  obtained  from  late-stage 
quartz-carbonate  veins. 

2 .  Chemistry  of  Alteration  Assemblages 


Highly  mineralized  zones  in  the  diatreme  are  char¬ 
acterized  by  pronounced  potassium  alteration.  Small 
amounts  of  lithium  are  associated  with  muscovite  in 
these  zones  (this  thesis,  p.  106).  It  is  clear  from 
studies  of  hydrothermal  alteration  (this  thesis  p.  108) 
that  K  and  Li  have  been  introduced  hyd rothermally  into 
the  diatreme.  The  abundance  of  K  and  Li  in  various 
sediments  and  natural  waters  is  summarized  in  Table  13. 
It  is  evident  from  this  table  that  both  K  and  Li  are 
significantly  more  abundant  in  formation  water  (brines) 


than  in  either  seawater  or  "hydrothermal  water". 


TABLE  1 31 


Abundance  of  Lithium  and  Potassium  in  Natural  Waters 


River 

Seawater 

Formation  Water  (Brines) 
Hydrothermal  Water 


Li  (ppm) 
23 

0.19 

26 

8.2 


K  ( ppm ) 
6.5 
392 
1441 
116 


Abundance  of  Lithium  and  Potassium  in  Common  Sediments 
and  Sedimentary  Rocks  Types 


Li  (ppm) 

K20(wt. %) 

Soils 

26 

1.68 

Sands  and  Sandstone 

38 

1.48 

Argillaceous  Sediments 

66 

2.81 

Marine  Shales 

76 

Fresh  Water  Shales 

67 

Shales 

2.45 

Limestone 

0.31 

Dolomite 

15.2 

0.68 

Data  from  Cocco  et  al. 


"Lithium"  and  "Potassium" 


253 


While  this  evidence  is  indirect,  it  supports  the 
postulate  that  the  main  mineralizing  fluid  was  a 
connate  brine. 


II.  The  mineralogy  and  paragenesis  of  the  BBX  deposit  is 
complex  (Chapter  10).  It  must  be  noted  that  the  main  min¬ 
eralizing  event  and  the  event  responsible  for  depositing 
late-stage  quartz  veins  were  probably  separated  by  a  con¬ 
siderable  time  interval.  Therefore,  although  they  may  both 
be  related  to  connate  brines,  at  least  subtle  differences 
in  chemistry  are  to  be  expected.  This  is  evidenced  in 
part  by  the  fact  that  the  early  phase  is  associated  with 
substantial  amounts  of  mineralization,  while  the  late-stage 
quartz  veins  are  relatively  barren. 

III.  It  has  been  suggested  from  studies  of  structural  geol¬ 
ogy  that  the  late-stage  quartz  veins  were  deposited  follow¬ 
ing  a  period  of  uplift  and  tectonic  unloading  (this  thesis, 
p.  150).  Implicit  in  this  model  is  that  the  quartz  veins 
were  deposited  relatively  closer  to  the  surface  than  the 
main  phase  of  mineralization.  Homogenization  temperatures 
in  fluid  inclusions  in  these  veins  would  therefore  require 
a  smaller  pressure  correction  than  those  in  quartz  from  the 
main  mineralized  zones.  Because  homogenization  temperatures 
appear  to  be  similar  in  each  case,  it  is  suggested  that  the 


main  phase  of  mineralization  was  deposited  at  a  higher 
temperature  than  is  indicated  for  the  late-stage  quartz 
veins  studied  in  the  previous  chapters. 

IV.  The  mineralogy  and  geological  environment  of  the  BBX 
deposit  preclude  its  classification  as  a  "Mississippi 
Valley-type"  deposit  in  the  classical  sense.  Nevertheless, 
it  is  suggested  from  the  above  that  the  late-stage  quartz 
veins  and  possibly  the  main  phase(s)  of  mineralization 
(phases  II  and  III,  chapter  10)  were  deposited  from 
circulating  connate  brines  which  leached  metallic  elements 
out  of  the  sedimentary  pile  and  deposited  them  in  concen¬ 
trated  form  in  the  diatreme.  This  model  is  supported  by 
lead  isotope  studies  (Chapter  9),  and  is  discussed  in 
greater  detail  in  Chapter  10. 
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PREFACE 

In  the  following  chapters,  the  nature  and  occurrence 
of  mineralization  in  the  BBX  diatreme  and  immediately 
adjacent  areas  is  discussed.  In  order  to  facilitate 
interpretation  of  the  economic  geology  of  the  deposit, 
eight  samples  of  varying  mineralogy  were  selected  from 
mineralized  zones,  both  on  surface  and  at  depth.  The 
major  and  accessory  element  chemistry  of  these  samples 
was  determined  by  quantitative  XRF  analysis,  and  is  shown 
in  Tables  14  and  15.  These  analyses  represent  the  whole 
rock  chemistry  of  highly  altered  and  mineralized  volcan- 
ics.  Because  of  the  late  addition  and  depletion  of 
certain  elements,  and  the  inhomogeneous  nature  of  the 
breccia  initially,  these  analyses  cannot  be  used  to 
determine  detailed  chemical  trends,  or  for  chemical 
classification.  They  are  of  some  use  however,  in  outlin¬ 
ing  broad  trends,  and  can  be  used  to  help  interpret  the 
mineralogy  of  the  deposit.  Data  pertinent  to  the  inter¬ 
pretation  of  these  analyses  are  shown  in  Table  16.  The 
major  element  chemistry  of  unaltered  basalts  of  various 
types  is  shown  for  comparative  purposes  in  Table  17. 
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The  following  points  should  be  noted  regarding  these 
analyses . 

1.  The  major  element  chemistry  shown  in  Table  14  does  not 
total  100%  because  of  the  abundance  of  carbonate 
(hence  CC^)  which  is  not  detected  by  the  analytical 
technique.  Moreover,  the  samples  contain  substantial 
quantities  of  mineralization  (Table  15)  which  are  not 
shown  in  Table  14. 

2.  Table  15  is  a  selective  analysis  of  the  samples  and 
does  not  reflect  all  elements  present.  Cobalt  for 
instance  may  occur  in  significant  quantities  (Table 
2)  but  cannot  be  detected  by  XRF  analysis. 

Interpretations  based  on  these  chemical  analyses  are 
discussed  in  the  following  chapters. 


TABLE  14 

MAJOR  ELEMENT  CHEMISTRY  OF  SELECTED  SAMPLES  FROM  MINERALIZED 
ZONES  IN  THE  BBX  DIATREME  ( XRF  QUANTITATIVE  ANALYSES  -  REPORTED  IN  WT . % ) 
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Analysis  by  Dr.  R.G.  Holland,  University  of  Newcastle  Upon  Tyme ;  Phillips  PW  1212  XRF 
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Analyses  by  Dr.  R.G.  Holland,  University  of  Newcastle  Upon  Tyme ;  Phillips  PW  1212  XRF 


PERTINENT  INFORMATION  ON  CHEMICALLY  ANALYZED  SAMPLES  FROM 

MINERALIZED  ZONES 
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Data  after  Mueller  and  Saxena,  Table  15-1,  p.  334 


CHAPTER  9 

LEAD  ISOTOPE  STUDY 
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I. 


General  Remarks 


The  application  of  lead  isotopes  to  the  problems  of 
ore  genesis  has  been  reviewed  by  Doe  and  Stacey  (1974).  Th 
major  use  of  these  isotopes  is  in  defining  the  provenance 
of  lead  and  in  determining  the  age  of  mineralization  (op. 
cit.,  p.  757). 

In  the  present  study,  the  age  of  mineralization  has 
been  determined  by  the  model  lead  method  as  outlined  by 
Faure  (1977,  pp.  227-266).  The  origin  and  history  of  the 
mineralization  has  been  interpreted  on  this  basis. 

I I .  Methodology 

Thirteen  sets  of  lead  isotope  data  have  been  deter¬ 
mined  from  mineralized  samples  in  the  BBX  diatreme,  and 
are  shown  in  Table  18.  The  samples  studied  correspond 
to  those  for  which  chemical  analyses  are  available  (Tables 
14  and  15).  Samples  A  to  E  are  from  the  main  surface 
showing  (Trench  1).  Samples  284,  288  and  297  are  from 
the  subsurface  in  DDH  76-1  (Table  16). 

The  lead  analyzed  from  sample  A  (specimens  1  to  6)  is 
from  hand  picked  specimens  of  galena.  Lead  in  the  remain¬ 
ing  samples  has  been  separated  from  whole-rock  pulps  in 
ion  exchange  columns.  In  samples  B,  C,  D  and  E,  which  con¬ 
tain  substantial  amounts  of  lead  (Table  15),  but  no  visible 


TABLE  18 


LEAD  ISOTOPE  DATA , 

BBX  DEPOSIT 

Sample 

Number 

206/204 

207/204 

208/204 

A  ( 1 ) 

16.312 

15.502 

35.847 

A  (  2  ) 

16.334 

15.520 

35.900 

A  ( 3  ) 

16.481 

15.519 

35.949 

A  ( 4  ) 

16.293 

15.519 

35.918 

A  ( 5  ) 

16.305 

15.493 

35.816 

A  (  6  ) 

16.271 

15.496 

35.827 

B 

32.464 

17.165 

40.598 

C 

20.874 

15.894 

39.649 

D 

16.679 

15.560 

36.204 

E 

34.379 

16.890 

40.894 

284 

50.700 

19.295 

40.806 

288 

61.409 

20.268 

45.758 

297 

94.710 

24.317 

50.503 
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galena  (Table  16),  lead  is  thought  to  be  derived  from 
anglesite  developed  after  galena  in  the  oxidized  zone  of 
the  deposit.  According  to  Faure  (1977,  p.  227),  the 
isotopic  composition  of  lead  in  secondary  minerals  such  as 
anglesite  is  usually  similar  to  that  of  lead  in  galena  with 
which  they  are  associated. 

Lead  is  a  very  minor  constituent  of  samples  from 
depth  (samples  284,  288  and  297)  and  its  source  mineral 
is  unknown. 

Lead  isotope  analyses  were  carried  out  on  an  Alder- 
maston  MM30  solid-source  mass  spectrometer. 

III.  Discussion  of  Results 

Lead  isotope  data  for  the  BBX  deposit  are  plotted  in 
figures  23  and  24.  Best  fitting  straight  lines  for  these 
plots  were  calculated  by  the  method  of  Cumming  et  al, 

(1972).  The  following  observations  are  based  on  these 
d iagrams . 

A.  A  well-defined  four  point  isochron  in  figure  23 
defines  an  age  of  1870  +  15  m.y.  for  the  lead 

mineralization.  Although  the  mantle  growth  curve  is 
not  shown  on  this  plot,  this  isochron  intersects  the 
growth  curve  at  1887  m.y.,  with  an  upper  time  limit 
of  1830  m.y.,  and  a  lower  time  limit  of  1939  m.y. 

It  also  intersects  the  mantle  growth  curve  at  -35  m.y.. 
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with  an  upper  time  limit  of  73  m.y.,  and  a  lower  time 
limit  of  -138  m.y.  Within  the  limits  of  error  there¬ 
fore,  the  1870  m.y.  isochron  intersects  the  mantle 
growth  curve  at  T  =  1870  m.y.  and  at  T  =  0  m.y.  The 
implications  of  this  are  discussed  in  the  following 
section . 

B.  Points  A,  D,  E  and  possibly  288  do  not  lie  on 
the  1870  m.y.  isochron,  and  suggest  that  more  than 
one  mineralizing  event  has  occurred.  Unfortunately, 
available  data  are  insufficient  to  determine  a  reli¬ 
able  age  for  this  event.  Figure  24  shows  these  data 
on  an  expanded  scale,  plotted  with  reference  to  the 
Stacey  and  Kramer  mantle  growth  curve.  Two  possible 
tentative  interpretations  can  be  made. 

1.  Points  A,  D  and  E  define  an  isochron  having 
an  age  of  1110  +  20  m.y.  The  concentration  of 
the  data  at  the  two  extremes  of  this  isochron 
however,  limits  the  reliability  of  this  interpre¬ 
tation  . 

2.  The  cluster  of  points  related  to  sample  A 
has  an  isochron  age  of  approximately  1550  m.y. 


Implications 


A.  The  Seton  Volcanics  and  Mineralization 

The  intersection  of  the  1870  m.y  isochron  with 
the  mantle  growth  curve  at  1870  m.y.  is  consistent 
with  a  two  stage  model  for  lead  evolution.  In 
the  first  stage,  the  lead  isotopic  composition 
evolved  from  uranium  by  radioactive  decay  in  the 

poo  9  f)  4 

mantle.  At  1870  m.y.,  the  U/  Pb  ratio  was 
changed  into  a  variety  of  values  resulting  in  a 
secondary  isochron  (Doe  and  Stacey,  1974,  p.  763) 
having  an  age  of  1870  m.y.  This  change  is  associated 
with  the  introduction  of  this  mantle-derived  material 
into  the  crust. 

According  to  Badham  (1978a,  p.  1474),  three  separ¬ 
ate  periods  of  intrusive  magmatic  activity  are  recog¬ 
nized  in  the  East  Arm;  early  Aphebian  (  ~  2100  m.y.), 

middle  Aphebian  (  ^  1870  m.y. )  and  late  Aphebian 
(  ~  1790  m.y.).  An  isochron  age  of  1870  m.y.  for  the 
lead  mineralization  at  BBX  corresponds  to  the  middle 
Aphebian  phase  of  magmatism  of  which  the  Seton  volcan¬ 
ics  are  the  major  expression  (op.  cit.,  p.  1481). 

This  serves  to  confirm  that  the  BBX  diatreme  is  in 
fact  related  to  Seton  volcanism,  although  an  age  of 
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1870  m.y.  is  somewhat  older  than  ages  determined  in 
previous  studies  (i.e.  1833  m.y.,  1804  m.y.  and 
1805  m.y.,  this  thesis,  p.  41).  Implicit  in  this 
model  is  the  probability  that  at  least  some  lead  and 
perhaps  other  mineralization  was  approximately  coeval 
with  and  related  to  Seton  volcanism.  The  possibility 
that  this  initial  mineralizing  event  was  magmatic 
hydrothermal  in  origin  must  be  considered.  A  deep- 
seated  (mantle)  source  is  indicated  for  both  the 
volcanics  and  the  uranium-lead  mineralization. 

B .  Late  Hydrothermal  Activity 

Late  hydrothermal  activity  again  introduced  lead 
into  the  system.  Possible  ages  for  this  activity  are 
1110  +  20  m.y.  and  1550  m.y.  (Helikian).  An  age  of 
1110  m.y.  corresponds  roughly  with  the  ages  of  the 
diabase  dykes  and  sills  which  intrude  the  Et-Then  Group 
(this  thesis,  p.  42).  Ages  of  1550  m.y.  are  not  well 
documented  for  the  East  Arm.  Uranium  mineralization 
occurring  in  conglomeratic  sandstones  of  the  Hornby 
Channel  Formation  however,  has  been  dated  at  1510  + 

9  m.y.  by  the  U-Pb  method  (Bloy,  1979,  pp.  7  and  50). 
This  age  is  thought  to  represent  an  update  or  a  date  of 
epigenetic  mineralization  much  younger  than  the  host 
rock  (op.  cit.,  p.  i). 
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The  origin  of  this  late-stage  lead  can  be  tenta¬ 
tively  inferred  from  its  isotopic  composition.  The 
207/204  ratio  of  lead  from  Sample  A  is  higher  than  that 
of  the  Seton  volcanics  (Cumming,  1980),  and  hence  this 
lead  is  not  related  to  the  mafic  parent  magma  of  the 
diatreme.  Moreover,  the  fact  the  the  207/204  ratios 
are  higher  than  those  of  the  mantle  growth  curve,  may 
suggest  that  this  lead  is  of  crustal  origin  and  was 
derived  from  sediments  in  Great  Slave  Basin  (Cumming, 
personal  communication).  While  this  is  a  tentative 
conclusion ,  it  is  consistent  with  fluid  inclusion  and 
oxygen  isotope  evidence  which  suggests  that  late  hydro- 
thermal  activity  was  not  magmatic,  but  rather,  involved 
the  deposition  of  mineralization  from  connate  brines 
(this  thesis.  Section  III). 

The  fact  that  the  1110  m.y.  date  corresponds  with 
a  known  magmatic  event  in  the  East  Arm  may  imply  a 
causitive  relationship  which  is  discussed  in  Chapter  10 
(p.  324),  and  chapter  11  (p.  342). 

C .  Zonat ion 

The  lead  from  samples  284,  288  and  297  is  con¬ 
siderably  more  radiogenic  than  that  from  samples  A 
to  E.  This  suggests  that  the  initial  U:Pb  ratio  was 
higher  in  these  samples  and  implies  a  crude  primary 
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zonation  with  a  higher  U:Pb  ratio  at  depth.  Sample 
297  is  very  radiogenic.  Although  a  reliable  quanti¬ 
tative  determination  is  not  possible,  this  suggests 
that  a  considerable  amount  of  uranium  was  present  in 
the  system  early  in  its  history. 


CHAPTER  10 

THE  MINERALIZATION 


273 


274 


I .  General  Remarks 

The  complex  mineralogy  and  paragenesis  of  the  BBX 
deposit  are  attributable  to  a  series  of  mineralizing  events 
which  span  a  considerable  time  interval  comprising  much  of 
the  geological  history  of  Great  Slave  Basin.  The  minerali¬ 
zation  derives  both  from  magmatic  hydrothermal  fluids  rela¬ 
ted  to  mid-Aphebian  intrusive  activity,  and  from  connate 
brines  which  leached  metals  from  basin  sediments.  The 
complex  origin  of  the  deposit  is  attributable  to  the  rela¬ 
tive  porosity  and  permeability  of  the  diatreme  and  to  its 
control  by  a  major  structure  extending  to  basement.  Hence, 
the  diatreme  acted  repeatedly  as  a  conduit  for  movement  of 
hydrothermal  fluids  of  diverse  origins. 

I I .  Mineralogy  and  Paragenesis 

The  mineralogy  of  the  BBX  deposit  has  been  determined 
primarily  through  microprobe  analysis  ( semiquanti tat ive ) , 
supplemented  by  ore  microscopy.  Minerals  which  have  been 
identified  in  the  diatreme  are  listed  alphabetically  with 
comments  in  Table  19.  The  paragenetic  sequence  of  the 
deposit  has  been  determined  through  ore  microscopy,  and  in 
consideration  of  the  results  of  lead  isotope  work  (Chapter 
9),  and  fluid  inclusion  and  oxygen  isotope  studies  (Chapters 
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EPIGENE  MINERALS  IDENTIFIED  IN  THE  BBX  DIATREME 
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Chalcopyrite  CuFeS2  M  A  1 

Covellite  CuS  M,P  M  0  alters  from  chalcopyrite 

digenite,  jalpaite. 
Commonly  associated  with 
...  Continued  ...  anglesite 
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7  and  8  )  . 

Four  main  phases  of  mineralizing  activity  have  been 
recognized,  each  differing  in  mineralogy  and  in  economic 
importance  (Table  20). 

A .  Phase  I  Ag ,  Co-Ni  Mineralization 

1 .  Introduction 

Phase  I  is  characterized  by  a  series  of 
complex  Fe-Co-Ni  sulfides  and  sul f arsenides 
probably  deposited  at  elevated  (magmatic)  tem¬ 
peratures.  Minor  amounts  of  rutile,  native 
silver,  and  possible  chalcopyrite  and  galena  are 
associated.  Quartz  and  carbonate  are  present  as 
gangue.  The  presence  of  U  and  Pb  has  been  infer¬ 
red  from  lead  isotope  studies.  Th,  REE,  Bi,  Sn 
and  W  occur  in  minor  quantities  in  the  diatreme, 
and  may  also  be  associated  with  this  phase  of 
mineralization. 

2 .  Mineralogy 

The  nature  of  phase  I  mineralization  is 
illustrated  in  the  following  discussion. 
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TABLE  20  PARAGENETIC  SEQUENCE  OF  MINERALIZATION  IN  BBX  DIATREME 
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(i)  Gersdorf f ite  is  the  principle  Co-Ni- 
bearing  phase.  Arsenopyrite  and  glaucodot 
occur  as  minor  constituents.  Both  gers- 
dorffite  and  glaucodot  exhibit  consider¬ 
able  variation  in  the  ratio  Fe : Co :Ni : As : S 
as  noted  in  Table  19.  Arsenopyrite  may 
contain  minor  amounts  of  Co. 

(ii)  Pyrrhotite  and  pentlandite  are  rare 
minerals  in  the  diatreme  and  have  undergone 
pervasive  alteration  to  marcasite  and  brav- 
oite  respectively,  in  the  zone  of  oxidation. 
Their  former  presence  has  been  inferred  from 
microprobe  analyses  and  textural  considera¬ 
tions.  Pyrrhotite  occurs  as  narrow  exsolu¬ 
tion  spindles  in  pentlandite,  apparently 
along  octahedral  parting  planes  (Plate  29). 

(iii)  Native  silver  was  identified  in  only 
one  instance  and  occurs  as  tiny  grains 
randomly  distributed  within  siegenite  (?). 
This  suggests  that  it  precedes  siegenite  in 
the  paragenetic  sequence  (Plate  30). 

(iv)  Siegenite  (?)  has  been  completely 
altered  to  millerite  in  the  zone  of  oxida¬ 
tion  (Plate  30) (this  Chapter  p.  311). 


Plate  29  Photomicrograph  showing  pyrrhot ite-pentlan- 
dite  exsolution  intergrowth .  Minerals  are  pyrrhotite 
(po,  now  altered  to  marcasite) ,  pentlandite  (pn,  now 
altered  to  bravoite) ,  galena  (gn)  and  chalcopyrite 
(cp).  (Reflected  light.) 


Plate  30  Photomicrograph  showing  siegenite  (light 
yellow)  being  replaced  along  crystallographic  direc¬ 
tions  by  chalcopyrite  (dark  yellow) .  Siegenite  has 
altered  to  millerite  in  the  zone  of  oxidation. 
Disseminated  bright  white  grains  are  native  silver. 
(Reflected  light.) 
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(v)  Rutile  occurs  occasionally  as  tiny  sub- 
hedral  to  euhedral  grains,  commonly  associ¬ 
ated  with  glaucodot  and  pyrite. 

3 .  Mode  of  Occurrence  of  Mineralization 

Phase  I  mineralization  exhibits  a  variety  of 
interesting  textures.  These  are  described  below, 
and  their  possible  significance  is  discussed. 

(i)  Co-Ni  minerals  (especially  glaucodot, 
gersdorffite  and  bravoite)  and  rutile, 
galena  and  chalcopyrite  occasionally  occur 
in  layered  intergrowths,  which  in  some 
cases  have  a  concentric  structure  (Plate  31). 
The  significance  of  these  features  is  not 
known.  They  may  be  interpreted  as  accre¬ 
tionary  structures  or  as  colloform  struc¬ 
tures.  Their  presence  is  consistent  with 
Ag ,  Co-Ni  arsenide  ores  in  general,  in 
which  zonal,  accretionary  and  colloform 
textures  are  commonly  developed  (Stanton, 
1972,  pp.  603,  607).  It  should  be  noted  that 
the  significance  of  "colloform"  textures  is 
debatable,  and  that  they  do  not  necessarily 
suggest  colloidal  deposition  (Park  and 
MacDiarmid,  1970,  p.  129). 
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Plate  31  Photomicrograph  showing  layered  inter growth 
of  cha Icopyr ite  (yellow) ,  glaucodot  (white)  and  galena 
(greyish  white) .  Greenish  grey  phase  is  limonite  (L) . 
(Reflected  light.) 


Plate  32  Photomicrograph  showing  a  fine  grained  inter¬ 
growth  of  glaucodot  (white)  and  rutile  (light  grey). 
(Reflected  light.) 


285 


286 


(ii)  Fine  grained  clusters  of  glaucodot  and 
rutile  occur  rarely  in  the  diatreme  (Plate 
32).  Chalcopyrite  is  intimately  inter- 
grown  with  glaucodot  in  these  masses. 

These  clusters  resemble  the  "framboidal 
spherules"  described  by  Park  and  MacDiarmid 
(p.  133),  but  their  origin  is  not  well 
understood . 

(iii)  Gersdorf f ite ,  and  to  a  lesser  extent 
arsenopyr ite ,  glaucodot  and  pyrite,  common¬ 
ly  occur  as  finely  disseminated  grains  in 
chalcopyrite  and  occasionally  in  galena 
(Plates  33  and  34).  These  grains  vary  from 
anhedral  to  euhedral.  As  gersdorffite  is 
not  known  to  form  exsolution  intergrowths 
with  chalcopyrite  and  galena,  these  emul¬ 
sion  textures  (Ramdohr,  1969,  p.  113)  have 
two  possible  origins. 

(a)  They  may  be  undigested  replace¬ 
ment  relics.  To  some  extent,  this 
interpretation  is  supported  by  the 
occasional  occurrence  of  gersdorffite 
as  crystal  skeletons  in  galena 

( Plate  35 ) . 

(b)  They  may  represent  an  original 
"framboidal"  cluster  which  has  been 
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Plate  33  Photomicrograph  showing  emulsion  texture  with 
gersdorffite  (high  relief,  dark  yellow)  in  chalcopyrite 
(light  yellow).  (Reflected  light.) 


Plate  34  Photomicrograph  showing  emulsion  texture, 
with  gersdorffite  (white  to  pale  pink)  in  chalcopy¬ 
rite  (yellow).  (Reflected  light.) 
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Plate  35  Photomicrograph  showing  skeletal  crystals 
of  gersdorffite  (pale  pink)  in  galena  (greyish-white) . 
Other  phases  are  chalcopyrite  (yellow) ,  quartz  (Q) 
and  ferroan  dolomite  (C).  (Reflected  light.) 


subsequently  infilled  and  enclosed  by 
later  sulfide  mineralization. 

(iv)  Fe-Co-Ni  sulfides  and  sulf arsenides 
also  occur  as  fine  grained  disseminations 
in  the  matrix  of  basalt  fragments  and 
around  the  perimeter  of  vacuoles. 

(v)  Accretionary  (colloform?)  structures 
occasionally  appear  to  have  undergone 
slight  cataclasis  (Plate  30).  This  is 
consistent  with  Ag ,  Co-Ni  arsenide 
deposits  in  general,  in  which  accretionary 
structures  are  commonly  slightly  disrupted 
permitting  late-stage  veins  to  develop  in 
earlier  ore  and  gangue  minerals  (Stanton, 
1972,  p.  607). 

4 .  Paragenesis 

Because  Ag ,  Co-Ni  phases  are  a  relatively 
minor  constituent  of  the  mineralization  in  the 
BBX  deposit,  their  exact  paragenesis  is  difficu 
to  determine.  It  is  suggested  by  lead  isotope 
studies  however,  that  U  (and  Pb)  are  early. 
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Textural  relationships  suggest  that  native  silver 
is  also  an  early  phase.  Fe-Co-Ni  minerals  are 
generally  late,  but  their  precise  relationships 
are  indeterminable.  In  one  instance,  pyrite 
was  found  to  be  zoned,  with  Co,  Ni  and  As  rela¬ 
tively  enriched  in  the  core  and  absent  from  the 
rim.  This  may  suggest  that  Co-Ni-As  phases 
were  early,  and  Fe-sulfide  phases  late.  This 
is  consistent  with  the  general  paragenesis  of 
this  assemblage  as  illustrated  by  the  Silver- 
fields  deposit  at  Cobalt,  Ontario  (Stanton, 

1972,  p.  607,  Figure  17-13). 

Chalcopyrite  and  galena  are  occasionally 
intimately  intergrown  with  Fe-Co-Ni  phases  (this 
Chapter,  p.  283,  also  Plate  31).  Textural  rela¬ 
tionships  suggest  that  these  minerals  are  late 
to  form,  and  that  chalcopyrite  postdates  galena. 
Because  these  minerals  are  important  constitu¬ 
ents  of  Phase  II,  their  association  with  Phase 
I  is  uncertain  and  difficult  to  demonstrate. 

The  suggestion  that  they  are  related  to  Phase 
I  is  tentatively  based  on  the  following  obser¬ 
vations  . 

(i)  Chalcopyrite  commonly  forms  delicate 

layered  intergrowths  with  gersdorf f ite , 
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even  in  the  absence  of  significant  concen¬ 
trations  of  Phase  II  mineralization.  It 
seems  unlikely  that  Phase  II  sulphides, 
which  probably  postdate  Phase  I  minerali¬ 
zation  by  hundreds  of  millions  of  years 
(Chapter  9),  would  so  selectively  and 
delicately  replace  isolated  Fe-Co-Ni 
phases . 

(ii)  The  association  of  Pb  with  Phase  I 
mineralization  has  been  demonstrated 
through  Pb  isotope  studies.  The  postu¬ 
lated  presence  of  chalcopyrite  late  in 
Phase  I,  suggests  that  the  conditions 
necessary  for  sulfide  formation  (i.e.  ga¬ 
lena)  existed  at  this  time.  This  is  also 
consistent  with  the  paragenesis  suggested 
by  pyrite  zonation  as  described  above. 

5 .  Economic  Significance 

Co-Ni  sulfides  and  sul f arsenides  constitute 
a  relatively  minor  part  of  the  mineralization, 
and  their  occurrence  in  the  diatreme  is  sporadic. 
Phase  I  minerals  have  not  been  recognized  outside 
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of  the  main  surface  showing  (trenches  1  and  2). 
Although  Co,  Ni  and  Ag  may  be  relatively  con¬ 
centrated  in  this  zone  (Table  2),  their  sporad¬ 
ic  distribution  in  the  diatreme  makes  Phase  I 
of  very  little  economic  value.  Moreover,  it  is 
probable  that  these  silver  values  are  attribut¬ 
able  mainly  to  the  considerably  more  abundant 
silver  sulfide  minerals  associated  with  Phase 
II.  Chalcopyrite  and  galena  are  thought  to  be 
relatively  minor  constituents  of  Phase  I. 

B .  Phase  II  Cu-Pb  Sulphides 

1 .  Introduction 

Phase  II  is  characterized  by  the  deposition 
of  sulfide  mineralization  at  moderate  tempera¬ 
tures  (T^>146°C,  this  thesis,  p.  234  and  254). 
This  mineralization  consists  primarily  of  chalco¬ 
pyrite,  with  lesser  galena,  and  relatively  minor 
silver-bearing  phases  including  digenite, 
dyscrasite,  jalpaite  (?)  and  acanthite.  Spha¬ 
lerite  occurs  in  exceedingly  trace  quantities. 
Quartz,  ferroan  dolomite  and  possibly  other 
carbonates  occur  as  gangue. 

This  phase  of  mineralization  is  associated 
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with  moderate  to  intense  potassium  alteration 
(Plates  23  to  26).  The  potassium  enrichment 
associated  with  this  event  is  illustrated  in 
Tables  14  and  18  which  show  a  substantially 
higher  K :Na  ratio  in  mineralized  basalts 
(Table  14)  relative  to  unaltered  basalts  (Table 
18)  . 

2 .  Mineralogy  and  Paragenesis 

The  paragenetic  sequence  of  phase  II  miner¬ 
alization  is  shown  in  Table  20.  The  following 
remarks  pertain  to  this  mineralization. 

(i)  Potassium  alteration  and  the  formation 
of  ferroan  dolomite,  precede  the  deposition 
of  sulfide  phases.  Potassium  feldspar  and 
carbonate  often  occur  along  the  perimeter  of 
mineralized  zones. 

(ii)  Chalcopyrite  is  the  principal  mineral 
in  this  phase,  and  occurs  in  discrete  zones 
throughout  the  diatreme.  Galena  is  appar¬ 
ently  restricted  to  the  main  surface  showing 
(trenches  1  and  2)  where  it  is  relatively 
abundant  but  is  almost  completely  altered  to 
anglesite.  Trace  quantities  of  sphalerite 
detected  by  microprobe  analysis  are  assumed 
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to  be  coeval  with  the  deposition  of  chalco- 
pyrite  and  galena. 

The  precise  relationship  between  chal- 
copyrite  and  galena  is  uncertain.  Although 
chalcopyrite  generally  replaces  and  there¬ 
fore  postdates  galena,  the  reverse  is 
occasionally  true.  This  is  consistent 
with  the  complex  paragenesis  of  lead  miner¬ 
alization  suggested  by  lead  isotope  studies. 

(iii)  Silver-bearing  phases  are  relatively 
rare.  Dyscrasite  occurs  in  trace  amounts 
as  a  "silver-bearer"  associated  with  galena. 
Acanthite  and  jalpaite  occur  in  minor 
amounts  and  are  commonly  intergrown,  with 
jalpaite  forming  narrow  veinlets  in  acan¬ 
thite  (Plate  36).  Digenite,  which  contains 
minor  quantities  of  silver,  appears  to 
preferentially  replace  pyrrhotite  (Plate  37). 
Textural  relationships  suggest  that  silver¬ 
bearing  sulfide  phases  generally  postdate 
the  deposition  of  chalcopyrite  and  galena. 
Nevertheless,  they  appear  to  exhibit  an 
affinity  for  lead  mineralization  and  are 
present  only  in  samples  containing  galena 
and/or  anglesite. 


Plate  36  Photomicrograph  showing  acanthite- jalpaite 
intergrowth.  Minerals  are  acanthite  (Ac;  the  light 
green  color  is  an  oxidation  product) ,  jalpaite  (Jl; 
light  blue  veinlets,  altering  to  covellite  (dark  blue) 
in  the  zone  of  oxidation) ,  chalcopyrite  (yellow)  and 
galena  (greyish-white).  (Reflected  light.) 


Plate  37  Photomicrograph  showing  digenite  (Dg) 
preferentially  replacing  pyrrhotite  spindles.  Dig¬ 
enite  is  altering  to  covellite  (light  and  dark  blue) 
in  the  zone  of  oxidation.  Other  minerals  are 
bravoite  (white;  after  pentlandite)  and  chalcopyrite 
(yellow).  (Reflected  light.) 
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(iv)  Pyrite  is  relatively  common,  both  as 
part  of  the  potassium  alteration  assemblage, 
and  as  primary  euhedral  grains  which  are 
commonly  replaced  by  galena  (Plate  38). 

3 .  Controls  of  Mineralization 

Phase  II  mineralization  occurs  principally 
in  massive  fine  grained  form  in  the  matrix  and 
to  a  lesser  but  significant  extent  in  veinlets 
cutting  both  the  matrix  and  breccia  fragments. 

The  sulfides  appear  to  exhibit  a  marked 
affinity  for  hematitic  sedimentary  rock  frag¬ 
ments  which  they  can  be  seen  rimming  and 
replacing  internally.  Fragments  of  oolitic  and 
pisolithic  hematite  particularly,  very  frequent¬ 
ly  contain  at  least  trace  amounts  of  disseminated 
chalcopyrite  (and  locally  galena). 

Replacement  of  basalt  fragments  by  sulfides 
is  limited.  Where  it  does  occur  however,  it  is 
associated  particularly  with  serpentine  pseudo- 
morphs  of  olivine.  To  a  lesser  extent,  it  occurs 
in  very  fine  grained  form  throughout  the  basalt 
fragments.  In  one  rather  spectacular  case. 
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Plate  38  Photomicrograph  showing  pyrite 
yellow)  being  replaced  by  galena  (white) 
greenish-grey  veinlets  are  anglesite  (A; 
galena).  (Reflected  light.) 


( light 
The  pale 
after 


Plate  39  Photomicrograph  showing  preferential 
replacement  of  glass  shards  by  galena  (white) .  The 
yellow  mineral  is  cha lcopyr ite .  (Reflected  light.) 
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galena  appears  to  have  preferentially  replaced 
glass  shards  (Plate  39). 

4 .  Economic  Significance 

Phase  II  represents  a  major  pulse  of  hydro- 
thermal  activity,  and  is  thought  to  be  respons¬ 
ible  for  the  bulk  of  mineralization  deposited 
in  the  diatreme.  The  economic  potential  of 
Phase  II  mineralization  is  limited  however,  by 
the  following  considerations. 

(i)  Galena  and  silver-bearing  sulfides  are 
apparently  restricted  to  the  vicinity  of 
trenches  1  and  2. 

(ii)  Chalcopyrite  occurs  both  at  surface  and 
at  depth  in  the  diatreme  but  is  restricted 
to  relatively  discrete  zones  (see  for  exam¬ 
ple  Table  3).  The  nature  and  significance 
of  these  zones  is  discussed  at  a  later 
point  in  this  chapter  (VIII  "Deposition  of 
Mineralization" ) . 

Phase  III  Bar ite-Specularite 

1.  Introduction 


Phase  III  mineralization  comprises  predomin- 
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antly  barite  and  specularite.  Quartz  and 
possibly  chalcopyrite  are  associated.  Fluid  in¬ 
clusion  studies  suggest  that  this  phase  of  miner¬ 
alization  was  deposited  at  low  to  moderate 
temperatures.  These  minerals  occur  in  the  matrix 
between  breccia  fragments,  in  narrow  veinlets, 
and  to  a  small  extent  replace  breccia  fragments. 
Hence  the  locus  of  mineralization  is  the  same  as 
that  for  chalcopyrite  and  galena  (phase  II). 
Moreover,  barite  and  specularite  appear  to  be 
restricted  to  zones  of  sulfide  mineralization,  and 
are  therefore  associated  with  potassium  altera¬ 
tion. 

2 .  Mineralogy  and  Paragenesis 

The  following  remarks  characterize  Phase 
III  mineralization. 

(i)  Specularite  and  barite  may  occur 
together  or  separately.  Where  they  are 
intergrown,  it  is  evident  that  barite 
postdates  specularite.  An  example  of 
this  relationship  occurs  in  DDH  76-1, 
where  bladed  crystals  of  specularite  occur 
along  fractures.  Barite  has  later  infill¬ 
ed  these  fractures,  resulting  in  rather 
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striking  bar i te-specular ite  veins  up  to 
1  cm  in  width  (Plate  40). 

(ii)  Barite  is  orange  in  color,  possibly 
due  to  the  presence  of  abundant  finely 
divided  iron  oxides.  It  occurs  occasion¬ 
ally  in  narrow  veinlets  with  quartz.  These 
veinlets  are  extremely  fine  grained,  rela¬ 
tively  hard  (quartz)  and  may  be  mistaken 
for  narrow  veinlets  of  potassium  feldspar 
which  also  cut  the  volcanics. 

(iii)  The  association  of  chalcopyrite  with 
phase  III  mineralization  is  uncertain. 
Occasionally  however,  chalcopyrite  occurs 
with  specularite  on  the  perimeter  of  barite 
veins  (Plate  41).  Specularite  also  occurs 
on  the  perimeter  of  chalcopyrite  veinlets. 
These  features  suggest  a  paragenetic 
sequence  for  phase  III  mineralization,  with 
specularite  (early),  followed  by  chalcopy¬ 
rite  (intermediate)  and  barite  (late) (Table 
20).  Barite  exhibits  well-defined  replace¬ 
ment  textures  with  chalcopyrite. 
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Plate  40  Photomicrograph  showing  a  barite  (white) 
specularite  (black)  vein.  (Transmitted  light.) 


Plate  41  Photomicrograph  showing  a  barite- 
chalcopyr ite-specular ite  intergrowth.  Barite 
(medium  grey);  chalcopyrite  (yellow);  specularite 
(light  greyish  blue,  bladed  crystals).  (Reflected 
light. ) 
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3. 


Economic  Significance 


Although  barite  and  specularite  may  occur  i 
substantial  quantities  in  the  diatreme  (Tables 
1  and  15),  they  have  no  economic  value.  Chalco- 
pyrite  is  felt  to  be  a  relatively  minor  consti¬ 
tuent  of  Phase  III  and  has  little  economic  signi 
f icance . 

D.  Phase  IV  Carbonate-Quartz 

Phase  IV  is  characterized  by  the  deposition  of 
substantial  quantities  of  carbonate  and  quartz.  The 
early  stages  of  this  hydrothermal  event  were  non¬ 
mineralizing,  and  resulted  in  widespread  carbonati- 
zation  of  the  diatreme.  Later  quartz-carbonate  veins 
and  quartz  veins  contain  traces  of  mineralization, 
particularly  chalcopyrite  and  pyrite.  In  the  vicin¬ 
ity  of  Great  Slave  Lodge,  pyrite  in  these  quartz 
veins  was  found  by  microprobe  analysis  to  contain 
trace  quantities  of  cobalt.  Carbonate-rich  veins 
occasionally  contain  minor  quantities  of  a  white  sul- 
farsenide  (?)  along  cleavage  planes  and  fractures. 
This  mineral  has  not  been  positively  identified  but 
may  be  arsenopyr ite .  Silicif ication  is  the  main 
alteration  type  associated  with  this  later  quartz- 
carbonate  veining.  Crosscutting  relationships  in 
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these  veins  suggest  that  several  pulses  of  hydrother¬ 
mal  activity,  alternating  with  brecciation,  were 
associated  with  this  phase  [for  a  more  detailed  dis¬ 
cussion,  refer  to  Chapter  5,  especially  "Quartz- 
Carbonate  Veins  and  Stockworks"  (p.  147)  and 
"Chronology"  (p.  150)]. 

III.  Remobilization  of  Hydrothermal  Mineralization 

A  minor  amount  of  remobilization  has  been  brought 
about  by  late  tectonic  events  in  the  East  Arm.  These 
events  resulted  in  small-scale  shearing  in  the  diatreme, 
and  in  the  formation  of  numerous  chlorite  slips  (this 
thesis,  p.  118).  Chalcopyrite  is  smeared  out  along  these 
slips,  which  suggests  that  it  formed  prior  to  shearing. 

This  stress  also  resulted  in  slight  deformation  of  galena, 
as  indicated  by  curved  crystal  surfaces,  and  of  quartz, 
which  occasionally  exhibits  undulose  extinction. 

A  minor  amount  of  remobilization  of  existing  hydro- 
thermal  phases  appears  to  be  associated  with  this  deforma¬ 
tion.  This  is  suggested  by  the  following  observations. 

A.  Pyrite  and  unidentified  sulf arsenides  (?)  form 
crustlike  masses  along  chlorite  slips,  which  sug¬ 
gests  growth  subsequent  to  shearing. 

B.  Colorless  barite,  red  manganif erous  calcite  and 
pyrite  were  noted  in  one  instance  as  very  fine  grained 
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euhedral  crystals  growing  into  narrow  cavities  lined 
by  chlorite. 

C.  Large  pyrite  grains  occur  occasionally  in  miner¬ 
alized  zones,  particularly  in  association  with  galena 
These  crystals  are  generally  subhedral  to  euhedral, 
with  somewhat  rounded  edges,  and  contain  numerous 
inclusions  of  galena  and  non-me tall i f erous  minerals. 
This  is  tentatively  interpreted  as  a  poikiloblast ic 
texture,  and  the  pyrite  crystals  are  thought  to  be 
porphyroblas ts  formed  by  recrystallization. 

The  formation  of  pyrite  porphyroblasts  is  not 
uncommon  (Ramdohr,  p.  65),  and  may  result  from 
dynamic,  contact  or  pure  load  metamorphism  (op.  cit., 
p.  71).  In  the  present  case,  it  is  probably  the 
result  of  shearing  (dynamic  metamorphism). 

Remobilization  is  attributed  principally  to  heat 
generated  during  shearing,  which  resulted  in  "sweat¬ 
ing  out"  of  the  relatively  more  mobile  constituents. 
The  process  was  presumably  facilitated  by  minor 
quantities  of  water  present  in  the  diatreme. 

Changes  in  the  Zone  of  Oxidation 


A  pronounced  gossan  is  associated  with  the  mineraliza 
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tion  at  the  main  surface  showing  (trenches  1  and  2).  Th 
gossan  contains  malachite,  azurite,  limonite,  erythrite 
wad  as  its  principle  visible  phases  (Plates  23  to  26). 
addition  to  their  presence  on  the  outcrop  surface,  these 
minerals  are  developed  along  joints,  fractures,  "bedding 
surfaces",  and  occasionally  around  the  perimeter  of  frag 
ments  in  the  agglomerate.  In  addition  to  the  above, 
numerous  other  minerals  formed  in  the  zone  of  oxidation, 
have  been  identified  by  microprobe  analysis.  Secondary 
minerals  of  particular  interest  are  discussed  briefly 
below . 


is 

and 

In 


A.  Anglesite  occurs  very  commonly  as  an  alteration 
product  of  galena  (Plate  38).  Occasionally,  the 
relic  cubic  structure  of  galena  is  visible.  The 
economic  importance  of  anglesite  is  suggested  from 
Tables  15  and  16,  which  show  substantial  quantities 
of  lead  in  several  samples  containing  no  visible 
galena . 


B.  Arsenios ider ite  was  tentatively  identified  in 

only  one  instance.  This  mineral,  which  is  a  low  tem¬ 
perature  oxidation  product  of  arsenopyr ite ,  may  range 
in  color  from  golden  yellow  to  reddish  brown  and 
brownish  black  (Moore,  1974,  p.  57). 
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C.  Bravoite  (Plate  29)  is  a  minor  phase  and  is 
tentatively  interpreted  as  an  alteration  product  of 
pentlandite  (this  Chapter,  p.  280). 

D.  Covellite  is  a  relatively  minor  phase,  and  is 
preferentially  associated  with  galena,  chalcopyr i te , 
and  particularly  with  anglesite.  The  association  of 
covellite  with  copper-free  minerals  is  not  unusual, 
and  has  been  documented  from  other  deposits.  Accord¬ 
ing  to  Ramdohr,  (1969,  p.  642),  covellite  is  often  pre¬ 
cipitated  on  galena  in  deposits  rich  in  copper,  some¬ 
times  in  the  zone  of  oxidation,  but  normally  in  the  zone 
of  cementation. 

It  is  interesting  to  note  that  where  galena  and 
anglesite  are  absent,  covellite  is  generally  not 
developed,  even  in  the  presence  of  chalcopyr ite . 

This  suggests  that  the  chemistry  of  galena  and 
anglesite  is  conducive  to  the  formation  of  covellite 
in  this  deposit.  It  is  beyond  the  scope  of  this 
study  however,  to  speculate  further  on  this  associ¬ 
ation  . 

Covellite  is  also  developed  (in  the  presence  of 
galena)  on  minor  copper-bearing  phases  such  as  digen- 
ite  (Plate  37)  and  jalpaite  (Plate  36). 
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E.  "Limonite"  denotes  a  mixture  of  fine  grained 
undetermined  oxides  of  iron,  after  the  usage  of 
Bateman  (p.  252).  Limonite  in  the  BBX  deposit  is 
preferentially  associated  with  chalcopyr ite ,  and 
is  presumably  altering  from  this  mineral  along  frac¬ 
tures  and  grain  boundaries  (Plate  42).  The  complex 
chemistry  of  the  deposit,  and  the  variety  of  elements 
liberated  in  the  zone  of  oxidation,  suggest  that 
various  trace  elements  may  be  associated  with  this 
oxide . 


F.  Marcasite  (Plate  29)  is  a  minor  phase,  and  has 
tentatively  been  interpreted  as  an  alteration  product 
of  pyrrhotite  (this  Chapter,  p.  280). 

G.  Millerite  is  chiefly  a  product  of  incipient 
weathering  of  Ni-rich  sulfides  (Ramdohr,  p.  619). 

This  mineral  (Plate  30)  was  positively  identified  in 
only  one  instance,  and  was  found  by  microprobe  analy¬ 
sis  to  contain  traces  of  Fe  and  Co.  The  presence  of 
these  elements  suggests  that  millerite  is  after  a 
member  of  the  linnaeite  group,  probably  siegenite 
(op.  cit.,  p.  686). 

H.  Wad  is  a  complex  hydrous  manganese  oxide  (Berry 
and  Mason,  p.  375)  and  is  black  in  color  (Plates  23, 

25  and  26).  It  may  contain  a  variety  of  other  metallic 
oxides  as  noted  in  Table  19.  The  detailed  chemical 
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Plate  42  Photomicrograph  showing  alteration  of 
chalcopyrite  (yellow)  to  limonite  (light  greyish- 
green)  along  grain  boundaries  and  fractures.  The 
white  mineral  intergrown  with  chalcopyrite  (upper 
right)  is  an  unidentified  Fe-Co-Ni  phase,  possibly 
gersdorf f ite.  (Reflected  light.) 
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composition  of  this  oxide  in  the  BBX  deposit  has  not 
been  investigated.  Limited  chemical  tests  however, 
have  shown  that  it  contains  Fe  and  Cu  in  addition  to 
Mn .  In  view  of  the  complex  chemistry  of  the  deposit, 
and  the  strong  oxidation,  the  presence  of  a  variety  of 
other  elements  listed  in  Table  19  may  be  anticipated. 

V.  Geochemical  Inferences 

A  variety  of  elements  occur  in  trace  quantities  in 
the  diatreme  (Tables  1  and  15).  Because  some  of  these 
elements  may  substitute  into  the  lattices  of  common  rock 
forming  minerals,  speculation  on  their  possib-le  relation¬ 
ship  to  hydrothermal  phases  must  be  made  with  caution. 

The  following  is  an  attempt  to  account  for  some  of  the 
more  common  elements  on  the  basis  of  chemical  analyses 
and  other  considerations. 

A.  Sr  probably  substitutes  for  Ba  in  the  mineral 
barite  (Berry  and  Mason,  1959,  p.  427).  This  can  be 
inferred  from  Table  15  which  shows  a  dramatic  increase 
in  Sr  content  corresponding  to  an  increase  in  Ba 
between  sample  288  and  other  samples  analyzed. 


314 


B.  A  relatively  high  Th  content  in  sample  A  corres¬ 
ponds  to  a  relatively  high  Zr  content  (Table  15). 

This  may  suggest  that  Th  has  substituted  for  Zr  in 
the  mineral  zircon  (Berry  and  Mason,  1959,  p.  561). 
Rare  earth  elements  (REE)  (Table  15),  may  also  substi¬ 
tute  into  the  zircon  lattice  (op.  cit.,  p.  561). 

C.  Cr  varies  sympathetically  with  Ti  (Tables  14 
and  15).  This  is  consistent  with  the  chemistry  of 
titaniferous  magnetite,  which  is  an  important  consti¬ 
tuent  of  basalt.  Cr  substitutes  for  Fe^+  in  magne¬ 
tite  (Berry  and  Mason,  1959,  p.  354).  The  presence  of 
V  may  also  be  accounted  for  in  this  manner. 

D.  Nb  varies  sympathetically  with  Ti  (Tables  14  and 
15)  and  is  probably  associated  with  rutile  (Berry  and 
Mason,  1959,  p.  370).  It  is  uncertain  whether  this 
phase  is  hydrothermal  in  origin  or  is  an  original 
constituent  of  the  basalt. 

E.  Ag ,  Ni-Co  arsenide  mineralization  is  often  spat¬ 
ially  coincident  with  earlier  Sn-W-tourmaline  miner¬ 
alization  (Badham,  1976,  p.  564).  This  is  consistent 
with  the  occurrence  of  Sn  and  W  in  the  diatreme, 
although  these  elements  occur  only  in  trace  quantities 
(Table  1).  Because  Sn  may  also  be  a  constituent  of 
rutile  (Deer,  Howie  and  Zussman,  1970,  p.  416),  its 
precise  origin  is  uncertain. 
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F.  Bi  (Table  1)  is  a  common  constituent  of  Co-Ni 
arsenide  ores  (Stanton,  1972,  p.  603).  However,  it  is 
produced  largely  as  a  by-product  of  ores  of  other 
metals,  particularly  copper  and  lead  (Rathjen  and 
Wyche,  1975,  p.  147).  Hence  Bi  may  be  associated  with 
Phase  I  and/or  Phase  II  mineralization.  Its  precise 
origin  remains  uncertain. 

VI .  Zonat ion 

Because  of  limited  diamond  drilling  and  geochemical 
analyses,  it  is  not  possible  to  discern  zonation  patterns 
with  certainty.  The  limited  data  that  are  available  show 
no  horizontal  or  concentric  trends  in  mineralogy,  chemis¬ 
try  or  hydrothermal  alteration.  The  deposit  does  however 
appear  to  exhibit  a  crude  vertical  zonation  primarily 
associated  with  Phase  I  mineralization.  This  zonation  is 
suggested  by  the  following  observations. 

A.  Pb  isotope  studies  (Chapter  9)  suggest  that  lead 
at  depth  in  the  diatreme  is  more  radiogenic  than  that 
at  surface.  This  implies  that  the  original  U:Pb 
ratio  was  higher  at  depth. 

B.  Samples  from  the  main  surface  showing  contain 
from  0.8  to  4.2%  lead,  whereas  those  at  depth  contain 
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almost  no  lead  (Table  15).  Taken  in  consideration  with 
the  lead  isotope  data  cited  above,  this  may  indicate 
that  during  Phase  I,  uranium  was  deposited  preferenti¬ 
ally  at  depth,  and  lead  preferentially  at  higher 
levels.  At  least  some  of  this  lead  however  is  related 
to  Phase  II  (this  Chapter,  p.  293). 

C.  Nickel  is  common  in  samples  from  trenches  1 
and  2  but  is  a  very  minor  constituent  in  samples 
from  depth  (Table  15).  Although  cobalt  has  not  been 
analyzed  for,  it  can  be  assumed  to  vary  more  or  less 
directly  with  nickel  content  (Tables  1  and  2).  This 
again  suggests  a  zonation,  with  Co-Ni  mineralization 
deposited  preferentially  at  higher  levels. 

VII.  Origin  of  Mineralization 

The  mineralization  in  the  BBX  diatreme  is  ascribed 
to  two  principle  sources. 

A .  Mineralization  Related  to  Emplacement  of  the 
Diatreme 

Phase  I  mineralization  includes  U-Pb-Co-Ni-Ag-Ti 
and  possibly  Th ,  REE,  Sn-W,  Bi  and  Cu.  Lead  isotope 
evidence  suggests  that  lead  and  uranium  were  deposited 
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in  the  diatreme  coincident  with  its  formation.  It 
can  be  assumed  that  the  formation  of  the  diatreme 
involved  relatively  high  (magmatic)  temperatures. 
Moderate  to  high  temperatures  of  formation  are 
characteristic  of  arsenopyr ite ,  glaucodot,  gers- 
dorffite,  siegenite,  pyrrhotite  and  pentlandite 
(Ramdohr,  1969).  This  suggests  that  these  minerals 
are  related  in  some  way  to  the  formation  of  the 
diatreme.  The  precise  mechanism  by  which  Phase  I 
mineralization  was  concentrated  and  deposited,  can 
only  be  speculated  upon. 

Ag ,  Co-Ni  arsenide  mineralization  is  associated 
with  each  of  the  three  periods  of  intrusive  magmatic 
activity  in  the  East  Arm  (this  thesis,  p.  269).  The 
origin  of  these  deposits  has  been  discussed  by 
Badham  (1978a,  p.  1488).  Based  on  studies  of  the 
mineralization  associated  with  the  Easter  Island 
Dyke,  he  suggested  that  the  arsenide  fluids  were  gen¬ 
erated  at  depth  in  the  dyke  by  hydrothermal  breakdown 
of  olivine,  and  possibly  also  clinopyroxene  and  prim¬ 
ary  sulfide  phases.  He  postulated  a  convective 
recirculation  of  water  which  leached  Ag,  Ni,  Co,  Fe , 
As,  Sb  and  Bi  to  form  a  metalliferous  fluid  depleted 
in  reduced  sulfur  species. 
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The  paragenetic  sequence  in  the  BBX  deposit  is 
similar  to  that  described  for  late  Aphebian  (  ~  1790 
m.y. )  Co-Ni  mineralization  in  the  East  Arm  (Badham, 
1978a,  p.  1488).  It  has  been  suggested  that  magnetite- 
apat i te-act inoli te  mineralization  with  associated  REE 
and  U  is  related  to  fluids  derived  from  late  highly 
volatile  phases  of  calc-alkaline  diorites.  Silver- 
arsenide  fluids  were  relatively  late  to  escape  into 
fractures  and  dilatant  joints  within  the  intrusions. 

Whatever  the  precise  mode  of  origin,  the  associ¬ 
ation  in  the  BBX  deposit  of  Ag ,  Co-Ni  arsenide  miner¬ 
alization  with  mafic  igneous  rocks  is  consistent  with 
the  geology  of  such  deposits  elsewhere  (Stanton,  1972, 
p.  609).  Ag ,  Co-Ni  mineralization  is  probably  relat¬ 
ed  to  leaching  of  the  mafic  volcanics  and  underlying 
magma  by  late-stage  hydrothermal  fluids. 

The  presence  of  U  (and  possibly  Th  and  REE) 
early  in  the  paragenetic  sequence  may  be  attributable 
to  fluids  derived  from  late  highly  volatile  phases  of 
the  magma  as  described  above.  That  the  diatreme  and 
the  uranium  have  a  deep-seated  (i.e.  mantle)  origin 
however,  has  been  inferred  from  studies  of  structural 
geology  and  lead  isotopes.  This  is  consistent  with 
the  postulate  that  mantle  de-gassing  is  a  principal 
means  of  radioelement  transfer  to  the  crust,  and  that 
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this  transfer  is  effected  through  diatreme  formation 
(Gabelman,  1977,  p.  31).  It  is  possible  therefore  that 
this  early  phase  of  mineralization  (U  +  Th ,  REE)  is 
the  result  of  gaseous  transfer  from  the  mantle. 

B .  Mineralization  Related  to  Connate  Brines 

1 .  Source  of  Mineralization 

Oxygen  isotope,  lead  isotope  and  fluid 
inclusion  studies  suggest  that  later  phases  of 
mineralization  (phases  IV  and  possibly  phases  II 
and  III)  were  deposited  from  hydrothermal  fluids 
consisting  predominantly  of  evolved  connate 
water.  The  term  "evolved"  denotes  that  signifi¬ 
cant  chemical  and  isotopic  changes  have  taken 
place  relative  to  the  original  connate  fluid 
(White,  1974,  p.  955).  These  changes  include 
increased  salinity,  and  the  addition  of  various 
ore-forming  elements  leached  from  adjacent  rocks. 

In  addition  to  evidence  from  the  above 
sources,  this  model  is  supported  by  considera¬ 
tions  of  the  chemistry  of  sedimentary  rocks  and 
modern  day  connate  brines. 

( i )  Li  and  K 


The  relatively  high  concentrations  of 
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these  elements  in  formation  waters  has 
already  been  noted  (this  thesis,  p.  251). 
Lithium  is  an  important  constituent  of 
many  modern  subsurface  brines,  and  is 
recovered  economically  from  these  brines 
in  some  instances  (Vine,  1975,  p.  479). 
Table  13b  indicates  that  K  and  Li  are 
relatively  more  concentrated  in  shales  and 
argillaeous  sediments  than  in  other  types  of 
sedimentary  rock. 

(ii)  Pb  and  Ba 

Many  subsurface  brines  contain  from 
1  to  nearly  6000  PPM  dissolved  Ba  (Hanor, 
1979,  p.  158),  whereas  magmatic  hydrothermal 
fluids  generally  do  not  contain  signifi¬ 
cant  concentrations  of  this  element 
(Fischer  and  Puchelt,  1978,  p.  56-F-2). 

Metal  rich  oil  field  brines  containing  up  to 
92  mg/1  Pb  have  been  recorded  (Hanor,  1979, 
p.  156). 

Pb  and  Ba  can  both  substitute  for  K 
in  feldspars  and  mica's  (op.  cit.,  p.  139). 
The  highest  concentration  of  lead  in 
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crustal  rocks  (80  PPM)  is  in  deep  sea  clays 
(Faure,  1977,  p.  199). 

( iii )  Cu 

Cu  and  Pb  may  be  derived  from  andesite 
and  shale  at  elevated  temperatures  in  saline 
solutions  (Ellis,  1979,  p.  658). 

The  above  observations  suggest  that  the 
connate  brine  may  have  derived  its  metal  content 
primarily  from  argillaceous  sediments  and  possibly 
to  a  small  extent  from  mafic  volcanics  in  the 
basin.  Leaching  experiments  with  shales  indicate 
that  abundant  calcium,  the  presence  of  sulfate, 
and  increased  temperature,  can  all  enhance  the 
extraction  of  metals  such  as  Cu,  Pb,  Zn  and  Mn 
compared  to  the  extraction  achieved  by  an  NaCl 
brine  (Hitchon,  1977,  p.  15).  These  three  fea¬ 
tures  are  found  in  fluid  inclusions  in  the  BBX 
deposit  (Section  III).  The  sulfur  species 
necessary  for  the  extraction  of  metals  and  for 
their  precipitation  in  the  diatreme  could  be 
derived  from  evaporites  in  the  basin  ( Dunsmore 
and  Shearman,  1977,  p.  197).  Dissolved  salts  in 
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the  fluid  may  also  derive  from  evaporites,  or  they 
may  be  the  result  of  shale  membrane  filtration 
(this  thesis,  p.  249)* 

2 .  Movement  of  Mineralizing  Fluids 

Factors  resulting  in  the  movement  of 
hydrothermal  brines  into  the  diatreme  from  the 
basin  can  be  inferred  from  the  following  con¬ 
siderations  . 

(i)  Temperature 

Temperatures  on  the  order  of  150°C  to 
175°C  have  been  postulated  for  these  min¬ 
eralizing  events  (Section  III).  The  average 
geothermal  gradient  in  older  sedimentary 
basins  is  15°C  to  40°C/km  (Hanor,  1979, 
p.  143).  Using  40°C/km,  and  a  maximum  thick¬ 
ness  of  platform  sediments  of  1.4  km  (Figure 
7),  a  temperature  of  56°C  could  be  generated 
by  normal  geothermal  gradients.  Signifi¬ 
cantly  higher  temperatures  determined  in  this 
study  sugggest  either  that  the  fluids  origin¬ 
ated  from  deep  within  the  basin,  and/or  that 
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an  external  source  of  heat  (i.e.  magmatic)  is 
required . 

(ii)  Structural  Control  of  Mineralization 

The  presence  of  galena  and  chalcopy- 
rite  (Phase  II),  bar ite-specular ite 
(Phase  III)  and  carbonate-quartz  (Phase  IV) 
in  narrow  veins  cross-cutting  the  diatreme, 
implies  that  these  mineralizing  events 
postdated  or  were  related  to  tectonism  in 
the  basin. 

(iii)  Lead  Isotope  Data 

Late  hydrothermal  events  have  been 
tentatively  dated  at  1110  m.y.  and 
possibly  1550  m.y.  (this  thesis,  p.  270). 
While  the  relative  importance  of  these 
events  cannot  be  determined,  it  is  inter¬ 
esting  to  note  that  an  age  of  1110  m.y. 
corresponds  roughly  with  late  magmatic 
activity  in  the  East  Arm  (this  thesis, 
p.  42). 
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It  can  be  suggested  from  the  above  that 
tectonism  and  associated  magmatic  activity  in 
Great  Slave  Basin,  were  responsible  for  initi¬ 
ating  the  movement  of  hydrothermal  fluids  into 
appropriate  sites  of  deposition,  and  that  this 
may  have  occurred  on  more  than  one  occasion 
(i.e.  1550  m.y.,  1110  m.y.).  The  mechanism  by 
which  this  occurred  cannot  be  precisely  deter¬ 
mined  . 


Faulting  of  a  sedimentary  basin  can  provide 
a  permeable  conduit  for  the  movement  of  fluids 
from  depth  under  conditions  where  hydrostatic 
pressure  is  exceeded  by  pressures  at  depth 
(Hanor,  p.  165).  With  a  greater  degree  of  tec¬ 
tonic  deformation,  particularly  uplift,  deep 
brines  can  be  driven  towards  sites  of  mineral 
deposition  (op.  cit.,  pp.  165-166).  This  is 
consistent  with  the  structural  history  of  the 
East  Arm,  and  with  the  postulate  that  late 
quartz-carbonate  veins  were  deposited  following 
a  period  of  uplift  (this  thesis,  p.  150). 

Magmatic  activity  results  in  an  increased 
geothermal  gradient,  and  provides  a  potential 
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means  for  inducing  fluid  flow  (Hanor,  1979, 
p.  167).  Sufficient  thermal  expansion  of  a  brine 
permits  a  convective  current  to  be  established, 
provided  that  permeability  is  adequate  (White, 
1974,  p.  969).  The  elevated  temperature  of  this 
fluid,  and  its  movement  through  the  basin,  would 
promote  leaching  of  metals  from  the  country  rocks. 

Evidence  indicates  that  mineralizing  fluids 
migrated  from  depth  into  relatively  porous  and 
permeable  zones,  including  the  diatreme  and  the 
south  margin  of  the  diabase  plug  (this  thesis, 
p.  154) .  The  control  of  these  features  and  of 
quartz-carbonate  stockworks  by  major  shear  frac¬ 
tures  presumably  extending  to  basement,  raises  the 
possibility  that  the  fluids  migrated  from  deep 
basinal  areas,  along  the  Archean-Proteroz ic  con¬ 
tact.  If  this  was  the  case,  the  deposits  can  be 
characterized  as  hypogene  in  origin,  and  a  lateral 
secretion  hypothesis  per  se  does  not  appear  to  be 
valid. 

Dewatering  is  not  considered  to  be  an 
important  factor  in  initiating  the  movement  of 
the  hydrothermal  fluids.  Studies  have  shown 
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that  most  of  the  water  trapped  during  slow 
deposition  of  sediments  is  flushed  out  within 
the  upper  kilometre  of  burial  (Hanor,  1979, 
p.  165),  and  that  seventy  five  percent  of  the 
water  in  shales  is  normally  expelled  during 
shallow  burial  from  0  m  to  100  m  (op.  cit., 
p.  141).  These  observations  are  not  consistent 
with  the  relatively  late  age  of  the  mineraliza¬ 
tion  (1110  m.y.?)  which  considerably  postdates 
deposition  of  the  Great  Slave  Supergroup.  More¬ 
over,  the  temperatures  and  salinities  of  these 
waters  are  generally  much  lower  than  those  of 
sedimentary  waters  known  to  contain  high  concen¬ 
trations  of  metals,  and  of  fluid  inclusions  from 
main-stage  mineralization  in  Mississippi 
Valley-type  deposits  (op.  cit.,  p.  165). 


VIII.  Deposition  of  Mineralization 
A.  Introduction 

The  complex  mineralogy  of  the  BBX  deposit  is  the 
result  of  four  separate  phases  of  mineralizing  activ¬ 
ity.  These  phases  are  characterized  by  different 
mineralogy,  chemistry  and  possibly  temperature,  and 
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in  some  cases  are  derived  from  widely  different 
sources.  It  is  somewhat  surprising  therefore, 
that  the  minerals  ascribed  to  these  individual 
events  are  generally  spatially  related.  The  main 
surface  showing  for  example,  contains  substantial 
quantities  of  mineralization  from  Phases  I  to  IV. 
Immediately  outside  of  this  zone  however,  none  of 
these  phases  appear  to  be  represented. 

With  the  possible  exception  of  Phases  II  and 
III,  this  spatial  association  is  felt  to  be  largely 
coincidental.  Phase  I  mineralization  is  apparently 
restricted  to  the  main  surface  showing.  The  fact 
that  Phase  II  mineralization  has  subsequently  occu¬ 
pied  the  same  zone,  cannot  be  judged  as  significant 
on  the  basis  of  the  limited  data  available.  Phase  IV 
quartz-carbonate  veins  are  structurally  controlled 
and  are  dependent  on  existing  fractures  in  the  dia- 
treme.  Their  occasional  association  with  earlier 
mineralization  therefore,  is  fortuitous. 

The  purpose  of  this  section  is  to  devise  a  work¬ 
able  model  which  will  explain  the  distribution  of 
mineralization  in  the  diatreme,  and  the  factors  con¬ 
trolling  its  deposition.  The  discussion  is  concerned 
mainly  with  Phase  II  mineralization  because  of  its 


relative  abundance  and  greater  economic  potential. 

The  deposition  of  Phase  III  mineralization  is  dis¬ 
cussed  briefly. 

B .  Theoretical  Background 

Modern  theories  on  the  transport  of  metals  in 
aqueous  systems  suggest  that  metallic  elements  travel 
in  solution  as  complex  ions;  particularly  as  chloride 
complexes  and  bisulfide-polysulfide  complexes  (Stanton, 
1972,  p.  153).  According  to  Barnes  (1979,  p.  438),  the 
chemical  efficiencies  of  each  of  these  complexes  are 
similar,  but  factors  influencing  their  stabilities, 
particularly  oxidation  state  and  pH,  may  have  opposite 
effects.  The  relative  geological  importance  of  these 
complexes  which  are  described  briefly  below,  has  not 
been  established. 

Chloride  complexes  develop  in  the  presence  of 
high  concentrations  of  chloride  ion  supplied  by 
compounds  such  as  HC1,  NaCl  and  KC1  (Stanton,  1972, 
p.  153).  Conditions  under  which  this  mechanism 
will  operate  are  an  abundance  of  the  chloride  ion, 
moderately  elevated  temperatures,  and  a  slightly 
acid  pH  (op.  cit.,  p.  154).  One  of  the  most  effective 
mechanisms  of  precipitation  from  these  complexes, 
is  to  increase  the  pH  (Barnes,  1979,  p.  436).  As 
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most  hydrothermal  fluids  are  weak  acids,  extraction 
of  hydrogen  ions  tends  to  reduce  the  stability  of 
chloride  complexes,  and  leads  to  mineral  precipita¬ 
tion.  The  hydrolysis  of  feldspars  and  micas  is  one 
of  the  most  effective  reactions  consuming  hydrogen 
ions.  The  alteration  of  plagioclase  to  sericite  is 
an  example  of  such  a  reaction. 

The  view  that  metals  travel  mainly  as  sulfide 
complexes  has  been  proposed  by  Barnes  and  Czamanske. 
These  authors  suggest  (p.  368)  that  current  data  do 
not  favor  transport  of  ore  metals  as  chloride  com¬ 
plexes,  at  least  at  low  temperatures.  They  conclude 
that  the  transport  of  base  metals  as  bisulfide  or 
sulfide  complexes  is  feasible  at  temperatures  up  to 
at  least  250°C  (op.  cit. ,  p.  377).  Transport  would 
take  place  in  alkaline  solutions  in  the  presence  of 
abundant  sulfide  (Stanton,  1972,  p.  154).  Above  250°C, 
chloride  complexes  may  become  more  important  because 
compounds  such  as  HC1  and  KC1  become  highly  associ¬ 
ated  in  aqueous  solutions  at  elevated  temperatures. 
Certain  metal-chloride  complexes  may  also  become 
more  stable  with  increasing  temperature  (Barnes  and 
Czamanske,  1967,  p.  368). 


Of  the  more  than  30  possible  sulfur-containing 
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2- 

species,  only  SO^  ,  B^S  and  HS  appear  to  be  reason¬ 
able  as  complexing  agents  (op.  cit.,  p.  345).  Depos¬ 
ition  of  metals  carried  as  sulfide  complexes  can  be 
brought  about  by  decreasing  the  activities  of  sulfide 
species  in  the  solution.  This  in  turn  will  decrease 
the  solubility  of  metallic  complexes  (op.  cit. 
p.  374).  The  most  effective  reactions  chemically, 
but  not  necessarily  geologically,  are  brought  about 
by  oxidation  of  the  ore-forming  solution  through 
exposure  to  rocks  or  fluids  containing  oxidized 
species  (e.g.  magnetite,  hematite  and  other  ferric 
minerals ) (op .  cit.,  p.  374.) 

The  activities  of  sulfide  complexes  may  also  be 
decreased  by  lowering  the  pH  of  the  solution.  To 
some  extent,  oxidation  and  lowering  of  the  pH  may  be 
related.  In  the  following  equations,  the  complexing 
of  aqueous  sulfide  species  with  oxygen  liberates  H+ 

and  consequently  lowers  the  pH,  except  where  the 

2- 

principal  species  is  S  (Barnes  and  Czamanske,  1967, 
p.  375). 


h2s 

+ 

20  2  - 
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+  2H 
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The  liberated  H+  may  react  with  the  ionized  species 


as  follows: 


S 


2- 


+  H 


+ 


HS 


HS  +  H 


+ 


The  formation  of  f^Stg)  in  this  way  reduces  the 
activities  of  the  stronger  complexing  agents  and 
brings  about  the  deposition  of  metallic  minerals. 
Hydrogen  ions  may  also  react  with  the  wall  rock  to 
form  micas  and  clay  minerals.  An  example  of  this 
reaction  is  the  alteration  of  chlorite  to  sericite. 

C .  Occurrence  and  Affinity  of  Mineralization 

The  factors  which  control  the  distribution  of 
mineralization  in  the  diatreme  are  not  well-defined. 
Nevertheless,  mineralized  zones  exhibit  certain  broad 
features  of  texture  and  lithology  which  when  con¬ 
trasted  with  those  of  unmineralized  zones,  provide 
some  insight  into  the  factors  controlling  minerali¬ 
zation.  These  features  are  as  follows. 

1.  Wall  Rock  Alteration 

Basaltic  fragments  in  mineralized  zones 
have  undergone  moderate  to  intense  potassium 


alteration . 


In  general,  the  concentration  of 
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mineralization  varies  directly  with  the  inten¬ 
sity  of  alteration.  It  should  be  noted  however, 
that  zones  exhibiting  strong  potassium  altera¬ 
tion  are  occasionally  unmineralized. 

2.  Packing  of  Breccia  Fragments 

Volcanic  fragments  in  mineralized  zones 
are  relatively  tightly  packed.  The  matrix  in 
these  zones  rarely  comprises  more  than  15%  of 
the  rock,  and  generally  substantially  less. 

These  zones  correspond  to  "volcanic  bed  forms" 
discussed  in  Chapter  6  of  this  thesis. 

3.  Affinity  for  Oxidized  Species 

The  sulfides  appear  to  exhibit  a  marked 
affinity  for  breccia  constituents  containing 
oxidized  species.  Fragments  of  oolitic  and 
pisolithic  hematite  particularly,  frequently 
contain  at  least  trace  amounts  of  disseminated 
chalcopyrite  (and  locally  galena).  Replacement 
of  basalt  fragments  by  sulfides  is  limited. 

Where  it  does  occur  however,  it  has  three  prin¬ 
cipal  habits. 

(i)  Replacing  serpentine  pseudomorphs  of 
During  the  alteration  of  olivine 


olivine . 
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to  serpentine,  iron  oxides  such  as  magnetite 
and  in  some  cases  goethite  are  formed  (this 
thesis ,  p.  64 ) . 

(ii)  Fine  disseminations  in  the  matrix  of 
basalt  fragments.  These  fragments  contain 
abundant  finely  divided  oxidized  species, 
particularly  magnetite.  The  possibility 
that  basalt  fragments  were  hematitized 
during  formation  of  the  diatreme  (this 
thesis,  p.  116),  suggests  that  abundant  hem¬ 
atite  was  present  prior  to  the  hydrothermal 
event . 

(iii)  Replacing  glass  shards  (Plates  17  and 

39).  Altered  volcanic  glasses  such  as  pala- 
gonite  are  amorphous  mineraloids  and  contain 
numerous  oxides  including  (Kerr'  1977, 

p.  424). 

D.  Discussion 

The  association  of  mineralization  with  tightly 
packed  zones  suggests  that  its  deposition  was  induc¬ 
ed  by  factors  related  to  the  restriction  of  fluid 
movement.  This  restriction  would  provide  greater 
time  for  reaction  with  the  wall  rock.  Moreover,  the 
greater  surface  area  in  these  zones  would  facilitate 
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chemical  exchange  with  the  wall  rock,  and  would  also 
foster  heat  loss  from  the  hydrothermal  fluid  into 
the  relatively  cooler  rocks  of  the  diatreme.  The 
sympathetic  variation  of  wall  rock  alteration  with 
mineralization  however,  suggests  that  it  is  a  chem¬ 
ical  rather  than  a  thermal  exchange  which  is  signifi¬ 
cant. 

Potassium  alteration,  as  illustrated  in  the 
sericitizat ion  of  chlorite,  involves  the  addition 
of  Al,  Si,  K  and  H  from  the  hydrothermal  fluid 
(this  thesis,  p.  109).  Of  these  elements,  only 
hydrogen  may  have  an  effect  on  the  stability  of 
metal  complexes  in  hydrothermal  fluids.  Changes  in 
the  concentration  of  H+  in  the  system  can  bring 
about  precipitation  of  metals  whether  they  are 
carried  as  chloride  or  as  sulfide  complexes.  Potas¬ 
sium  alteration  per  se  therefore,  is  somewhat  inci¬ 
dental  and  develops  only  because  of  the  relatively 
high  concentration  of  potassium  in  the  fluid. 

Changes  in  the  pH  of  the  solution,  and  the  associ¬ 
ated  loss  of  H  (and  K)  to  form  sericite  are  the 
principal  factors  controlling  the  precipitation  of 
mineralization. 

The  possibility  that  metals  were  carried  as 
chloride  complexes  is  supported  only  by  the  rela- 
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tively  high  salinity  of  the  fluid  (this  thesis, 
p.  218).  Such  a  saturated  fluid  would  presumably 
be  relatively  efficient  at  transporting  metals. 


The  complexing  of  metals  with  sulfur  species 
appears  to  be  a  more  viable  alternative  and  is  con¬ 
sistent  with  the  following  features. 

1.  Relatively  low  temperatures  of  formation 
( 1 5 0 °C  -  1 7 5 °C )  . 


2.  The  affinity  of  mineralization  for  oxidized 
species . 


It  is  proposed 
ried  in  solution  as 
and  that  their  depo 
dation  of  the  fluid 
its  pH.  This  model 
external  source  of 
elements  to  form  su 
detected  in  fluid  i 
ularly  significant 
tested  were  from  re 
veins  ( Phase  IV) . 


therefore  that  metals  were  car- 
bisulfide-polysulfide  complexes, 
sition  was  brought  about  by  oxi- 
,  which  resulted  in  a  change  in 
solves  the  problem  of  finding  an 
sulfur  to  combine  with  metallic 
lfides.  The  fact  that  no  H^S  was 
nclusions  is  not  felt  to  be  parti 
as  those  inclusions  which  were 
latively  barren  late-stage  quartz 
Moreover,  it  is  conceivable  that 


c- 


sulfide  species  were  consumed  in  the  formation  of 
sulfides  or  were  removed  from  the  system. 


V 


336 


This  model  has  two  important  implications. 

1.  H+  liberated  by  oxidation  could  remain  in 
the  fluid  and  recombine  with  sulfur  species  to 
reduce  the  activities  of  complexing  agents  and 
bring  about  the  deposition  of  mineralization. 
Conversely,  it  could  migrate  into  the  wall  rock 
and  be  used  in  the  formation  of  sericite.  This 
would  explain  the  fact  that  some  zones  exhibit¬ 
ing  strong  potassium  alteration  are  unmineralized. 
These  may  also  be  interpreted  as  alteration 
haloes  adjacent  to  mineralized  zones  however. 

2.  The  breakdown  of  sulfide  complexes  would 

2- 

result  m  a  gradual  enrichment  of  SO^  in  the 
fluid.  In  the  presence  of  Ba,  barite  would  pre¬ 
cipitate.  This  is  consistent  with  the  presence 
of  barite  as  a  relatively  late  mineral  in  the 
paragenetic  sequence.  An  alternate  possibility 
is  discussed  in  the  following  section. 

IX  Implications 

It  has  been  suggested  (this  thesis,  p.  150)  that  late- 
stage  quartz-carbonate  veins  (Phase  IV)  were  deposited 
following  a  period  of  uplift.  It  is  conceivable  therefore, 


337 


that  Phases  II,  III  and  IV  of  the  mineralization  may  have 
been  deposited  in  stages  as  the  diatreme  was  brought 
nearer  to  the  surface  by  tectonic  unloading.  Although 
the  fluids  responsible  for  each  of  these  phases  have  been 
interpreted  as  connate  brines,  it  is  possible  that  they 
evolved  somewhat  as  unloading  proceeded. 

Sulfide-depositing  solutions  generally  have  a  reducing 
influence  (Ramdohr,  1969,  p.  907)  and  it  is  suggested  that 
they  were  active  at  depth.  This  is  consistent  with  the 
presence  of  sulfide  mineralization  relatively  early  in 
the  paragenetic  sequence.  As  the  host  rocks  were  brought 
closer  to  the  surface,  the  fluids  would  gradually  come 
under  the  influence  of  oxygenated  surface  waters.  This  is 
is  consistent  with  the  geochemistry  of  barite  which  is 
commonly  deposited  by  fluids  with  high  oxidation  potential 
where  sulfur  is  present  as  sulfate.  Such  conditions  occur 
close  to  the  earth's  surface  (Fischer  and  Puchelt,  1978, 
p.  56-F-2).  Phase  IV  quartz-carbonate  veins  were  depos¬ 
ited  relatively  near  the  surface  where  overburden  pres¬ 
sures  were  sufficiently  low  to  allow  dilatant  bedding 
joints  to  form  (this  thesis,  p.  150). 

It  is  conceivable  that  the  chemical  changes  in  these 
fluids  were  accompanied  by  a  gradual  decrease  in  tempera¬ 
ture  as  the  system  neared  the  surface.  To  some  extent, 
this  is  consistent  with  fluid  inclusion  and  structural  data 


(this  thesis,  p.  253). 


SECTION  V 

CLOSING  REMARKS 
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CHAPTER  11 

SUMMARY  AND  CONCLUSIONS 
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I .  Summary 

The  BBX  diatreme  is  one  of  seven  Seton  volcanic  centres 
occurring  in  the  vicinity  of  Taltheilei  Narrows  and  Hearne 
Channel.  These  diatremes  are  controlled  principally  by  a 
major  basement  fault,  as  indicated  by  their  occurrence  in  a 
linear  belt  (18°  az),  and  by  the  presence  of  granitic  frag¬ 
ments  in  the  vent  agglomerate.  Within  the  Proterozoic 
succession  however,  the  emplacement  of  these  diatremes  was 
controlled  by  zones  of  structural  weakness  in  the  roof 
rocks.  The  BBX  diatreme  is  controlled  by  one  of  a  set  of 
shear  fractures  related  to  compress ional  folding. 

The  diatreme  consists  primarily  of  mafic  volcanic 
fragments,  with  lesser  amounts  of  sedimentary  and  granitic 
country  rock,  all  set  in  a  matrix  of  finely  comminuted 
rock  debris.  This  "rock  flour"  is  now  present  only 
occasionally  in  unaltered  form.  Generally,  it  has  under¬ 
gone  pervasive  chloritic  and  carbonate  alteration.  The 
volcanics  themselves  are  thought  to  be  predominantly 
accidental  fragments  from  a  pre-existing  volcanic  pile. 
Juvenile  volcanic  matter  is  felt  to  be  a  relatively 
minor  constituent  of  the  agglomerate,  possibly  less  than 
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The  volcanics  were  originally  hematitized  by  oxidation 
during  formation  of  the  diatreme.  Subsequent  deuteric 
processes  have  altered  the  volcanics  to  a  propyllitic 
assemblage.  Potassium  alteration  is  intimately  associated 
with  mineralization  and  occurs  intermittently  in  the  dia¬ 
treme.  Late  hydrothermal  fluids  have  resulted  in  strong 
carbonat ization,  and  occasionally  silicif ication  of  the 
agglomerate . 

Lead  isotope  studies  suggest  that  the  juvenile  frac¬ 
tion  of  the  BBX  volcanics  is  mantle-derived,  and  that  the 
diatreme  was  emplaced  at  1870  +  15  m.y.  This  corresponds 
to  the  middle  Aphebian  phase  of  intrusive  magmatic  activity 
in  the  East  Arm. 

It  has  been  suggested  that  the  complex  mineral  assem¬ 
blage  in  the  diatreme  is  the  result  of  several  periods  of 
mineralizing  activity  which  are  summarized  below  . 

Phase  I 

A.  U-Pb:  These  phases  may  have  been  introduced  by 

gaseous  transfer  from  the  mantle  during  formation 
of  the  diatreme. 

B.  Fe-Co-Ni:  These  phases  were  deposited  as  high 
temperature  sulfides  and  sulf arsenides  from  hydro- 
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thermal  fluids  associated  with  mid-Aphebian 
magmatism.  The  metals  probably  derive  from 
the  mafic  parent  magma  of  the  BBX  diatreme, 
and  were  incorporated  into  the  fluid  by  hydro- 
thermal  leaching. 

Phases  II,  III  and  IV. 

Chalcopyr ite ,  galena,  barite  and  specularite  may 
have  been  deposited  from  circulating  connate  brines. 
The  change  from  reducing  (sulfide)  fluids  to  those 
with  high  oxidation  potential  (barite,  specularite) 
may  be  related  to  tectonic  unloading,  and  mixing  of 
the  fluids  with  oxygenated  surface  (meteoric)  waters. 
This  change  in  chemistry  may  have  been  accompanied  by 
a  decrease  in  temperature.  Late  magmatic  activity  in 
the  East  Arm  (1110  +  20  m.y.)  may  have  provided  the 
thermal  energy  necessary  to  drive  these  hydrothermal 
systems . 

The  fact  that  the  BBX  diatreme  hosts  mineralization  of 
such  diverse  origins  is  attributable  to  its  relatively  high 
original  porosity  and  permeability,  and  to  its  control  by 
a  major  structure  extending  to  depth. 
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I I .  Implications 

The  implications  of  this  study  regarding  the  geologic 
history  of  the  East  Arm  and  the  economic  geology  of  the 
deposit  are  discussed  below. 

A.  Geotectonics 

In  view  of  the  limited  scope  of  this  study,  it 
would  be  inappropriate  to  discuss  in  detail  the 
relationship  between  the  BBX  diatreme  and  the  tectonic 
history  of  the  East  Arm.  The  following  observations 
however,  arise  from  this  study  and  should  be  noted. 

1.  Structural  studies  suggest  that  the  emplace¬ 
ment  of  the  diatreme  was  controlled  by  a  shear 
fracture  related  to  compress ional  folding.  It  can 
be  assumed  that  this  folding  is  associated  with 
the  compress ional  stage  of  structural  evolution 
of  the  East  Arm  (this  thesis,  p.  38).  This 
compression  postdated  deposition  of  the  Great 
Slave  Supergroup,  and  represents  a  late  stage  in 
the  structural  evolution  of  the  geosyncline. 

An  age  of  1870  +  15  m.y  has  been  determined 
for  the  BBX  diatreme  (this  thesis,  p.  269).  In 
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consideration  of  the  above,  it  can  be  suggested 
that  deposition  of  the  Great  Slave  Supergroup  was 
completed  by  1870  m.y. 

This  is  supported  by  the  observation  that  alka¬ 
line  diorites  dated  at  between  1845  and  1630  m.y. 
were  intruded  contemporaneously  with,  or  after 
deposition  of  the  Christie  Bay  and  Pethei  Groups, 
and  are  overlain  unconf ormably  by  the  Et-Then 
Group  (Hoffman,  1969,  p.  444,  this  thesis,  p.  41). 

2.  It  has  been  suggested  in  Chapter  6  (p.  183) 
that  the  BBX  diatreme  intruded  the  Proterozoic 
succession  as  far  as  the  basal  portion  of  the 
Pethei  Group.  This  implies  that  the  formation  of 
the  diatreme  occurred  shortly  after  a  change  in 
the  sedimentary  regime  (Table  5,  p.  35).  The 
change  from  the  Flysch  (Kahochella  Group)  to  the 
to  the  Calc-Flysch  (Pethei  Group)  phase  of  sedi¬ 
mentation  is  related  to  the  tectonic  evolution  of 
Great  Slave  Basin.  In  particular,  it  reflects 
the  change  from  pre-orogenic  to  syn-orogenic 
sedimentation  in  the  Coronation  geosyncline 
(this  thesis,  p.  37). 
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The  above  observations  indicate  on  the  one 
hand,  that  the  diatreme  postdated  deposition  of 
the  Great  Slave  Supergroup  (point  #1),  and  on 
the  other  hand  that  it  considerably  preceded 
deposition  of  the  entire  Great  Slave  Supergroup. 
These  two  points  are  clearly  incompatible.  The 
dilemma  can  be  partially  resolved  if  the  compres- 
sional  stage  of  deformation  commenced  during, 
rather  than  after  deposition  of  the  Great  Slave 
Supergroup . 

A  more  difficult  problem  to  resolve  is  the 
relationship  of  the  diatreme  to  the  tectonic 
cycle  in  the  Coronation  Geosyncline  and  Great 
Slave  Basin.  It  has  been  suggested  above  (point 
#1),  that  the  diatreme  was  emplaced  at  a  late 
stage  in  the  structural  evolution  of  the  geosyn¬ 
cline.  This  is  inconsistent  with  the  inference 
of  point  #2,  that  the  diatreme  formed  at  a  very 
early  stage  in  the  structural  evolution  of  the 
geosyncline . 

Because  of  the  narrow  scope  of  this  study, 
the  tentative  nature  of  the  above  observations. 
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and  the  lack  of  detailed  knowledge  of  the  tecton¬ 
ic  history  of  the  area,  further  speculation  is 
not  warranted. 

The  Mineralizing  Events 

1.  Badham  (1976)  has  suggested  that  the  complex 
polymetallic  Ag ,  Co-Ni  arsenide  ore  type  is  part 
of  a  spectrum  of  late  and  post-orogenic  deposits. 
These  often  include  earlier  Sn-W  mineralization, 
and  later  Ag ,  Bi  sulphosalt  and  sulfide  veining 
(op.  cit. ,  p.  559).  The  Ag ,  Co-Ni  arsenide 
mineralization  in  the  Aristifats  deposit  is  con¬ 
sistent  with  this  model  if  it  is  assumed  that  the 
emplacement  of  the  diatreme  postdated  compress- 
ional  folding  (late  orogenesis,  see  above). 

2.  According  to  Badham  (1976,  p.  564),  the  Ag , 
Co-Ni  arsenide  ore  association  is  characterized 
by  a  complex  paragenesis  that  usually  takes  the 
following  form. 


Stage 

1: 

U-quartz 

Stage 

2: 

Ag ,  Ni,  Co,  As  +  Bi  +  carbonates 

Stage 

3: 

Sulfides,  Ag  +  Bi  sulphosalts, 

fluorite,  barite,  carbonates, 

quartz . 
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Consideration  of  Table  20  (this  thesis, 
p.  279)  shows  that  the  mineralization  in  the 
Aristifats  deposit  closely  follows  this  paragene- 
sis.  It  is  not  however,  a  typical  Ag,  Co-Ni 
arsenide  deposit.  According  to  Badham  (1976, 
p.  566),  the  major  problem  with  Ag,  Co-Ni  arsen¬ 
ide  ore  genesis  is  in  the  origin  of  the  mixture 
of  "felsic"  (Sn-W,  and  sulphides)  and  "basic" 
(Co-Ni)  elements.  He  proposes  (p.  566)  that  the 
deposits  form  by  means  of  a  series  of  coinciden¬ 
tal  orogenic  events  which  result  in  the  admixture 
of  remnant  granitic  hydrothermal  solutions  and 
newly  generated  hydrothermal  fluids  related  to 
basic  magmas.  While  this  model  may  be  valid  for 
the  Ag,  Co-Ni  association  in  general,  it  appears 
to  be  inapplicable  in  the  present  case.  Studies 
have  indicated  with  a  reasonable  degree  of  cer¬ 
tainty,  that  the  "basic"  association  (Co-Ni)  does 
in  fact  derive  from  hydrothermal  fluids  related 
to  mafic  magmas.  The  "felsic"  association  however 
(sulfides,  barite)  has  been  tentatively  shown  to 
have  been  deposited  from  hydrothermal  fluids  con¬ 
sisting  predominantly  of  connate  formation  water. 
The  metal  content  of  these  brines  has  been  leach¬ 
ed  from  argillaceous  sediments  in  the  basin  which 
contain  a  variety  of  metallic  elements  in  trace 
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quantities.  The  possibility  that  lateral  secre¬ 
tion  may  account  for  the  "felsic"  association 
has  been  noted  by  Badham  (1976,  p.  566)  but  was 
not  felt  to  be  applicable  to  the  deposits  he 
studied.  While  the  mechanism  of  lateral  secre¬ 
tion  may  be  operative  under  appropriate  condi¬ 
tions,  the  mineralizing  fluids  responsible  for  the 
BBX  deposit  (Phases  II  to  IV)  probably  originated 
in  distal  deep-basinal  sediments,  and  their 
flow  was  controlled  by  fractures  and  zones  of 
structural  weakness. 

C .  Economic  Considerations 

1.  It  is  beyond  the  scope  of  this  study  to  dis¬ 
cuss  the  economic  potential  of  the  BBX  deposit 
in  detail.  Should  this  be  undertaken  in  the 
future  however,  the  following  points  should  be 
considered . 

(i)  The  mechanism  by  which  diatremes  form, 
discussed  in  Chapter  6,  suggests  that  the 
vent  pinches  considerably  with  depth.  Its 
horizontal  cross-sectional  area  may  there¬ 
fore  be  considerably  smaller  at  depth  than 
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at  the  surface.  This  reduces  the  potential 
volume  of  mineralized  rock,  and  also  makes 
drilling  to  depth  within  the  diatreme  diffi¬ 
cult.  This  difficulty  is  compounded  by 
possible  irregularities  in  the  vent  wall, 
by  late  structural  modifications  (tilting, 
shearing),  and  by  the  possibility  that  the 
diatreme  is  not  vertical  (this  thesis, 
p.  185). 

ii)  The  relatively  more  valuable  constit¬ 
uents  of  the  mineral  assemblage,  particu¬ 
larly  Ag ,  Co  and  Ni,  occur  in  significant 
quantities  only  in  the  vicinity  of  trenches 
1  and  2.  They  have  not  been  encountered 
elsewhere . 

(iii)  Phase  II  mineralization  ( chalcopyr i te 
and  galena)  locally  reaches  significant 
concentrations.  The  economic  importance 
of  this  phase  however  is  limited  by  its 
intermittent  occurrence,  and  by  the  fact 
that  galena  appears  to  be  restricted  to 
the  vicinity  of  trenches  1  and  2. 
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Exploration  for  Phase  II  mineraliza¬ 
tion  is  complicated  by  the  following  con¬ 
siderations  . 

(a)  Deposition  of  the  mineralization 
is  brought  about  by  chemical  exchange 
with  the  wall  rock  in  tightly  packed 
zones  interpreted  as  "volcanic  bed 
forms".  The  complex  origin  of  the 
diatreme  (Chapter  6),  and  the  appar¬ 
ently  random  distribution  of  these 
bed  forms  makes  it  all  but  impos¬ 
sible  to  predict  the  locations  of 
potential  zones  of  interest. 

(b)  "Bed  forms"  in  some  cases  exhi¬ 
bit  only  weak  potassium  alteration. 
This  suggests  that  the  mineralizing 
fluid  did  not  migrate  throughout  the 
diatreme,  but  rather  followed  rela¬ 
tively  discrete  pathways. 

The  possibility  that  the  vent  is 
inclined  and  that  mineralizing  fluids  mi¬ 
grated  preferentially  along  the  footwall 
(this  thesis,  p.  185)  must  be  considered. 
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Unfortunatley ,  this  model  does  not  explain 
the  locations  of  some  of  the  more  signifi¬ 
cant  copper  showings  encountered  in 
DDH  76-1 

2.  Hoffman  et  al  (1977,  p.  123)  have  suggested 
that  if  the  basalt  pipes  on  the  BBX  and  JDA 
groups,  which  are  mineralized,  are  the  same  age 
as  those  to  the  south  in  Hearne  Channel,  they 
are  more  deeply  eroded.  They  inferred  from  this 
that  the  southern  pipes  may  be  mineralized  at 
depth.  The  possibility  that  phase  II  minerali¬ 
zation  was  deposited  at  relatively  deep  levels 
lends  some  credence  to  this  inference,  but  its 
validity  cannot  be  adequately  assessed  on  the 
basis  of  this  study  alone.  The  following 
observations  however,  do  have  some  bearing  on 
the  matter. 

(i)  Although  both  the  BBX  and  JDA  dia- 
tremes  are  mineralized,  it  is  important 
to  understand  the  nature  and  significance 
of  this  mineralization.  On  the  JDA  group, 
it  comprises  minor  amounts  of  chalcopyrite 
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and  pyrite  associated  with  localized  quartz- 
carbonate  veining.  These  narrow  veins, 
which  form  an  anastomosing  network,  are 
evidently  controlled  by  a  vertical  east-west 
shear  zone  and  are  not  associated  with  vis¬ 
ible  wall  rock  alteration.  Although  the 
veins  exhibit  rather  pronounced  malachite 
staining,  they  have  no  economic  potential, 
and  are  interpreted  as  belonging  to  the  same 
phase  of  hydrothermal  activity  responsible 
for  late  quartz-carbonate  veins  on  the  BBX 
property  (phase  IV).  Trace  amounts  of 
chalcopyrite  associated  with  quartz- 
carbonate  veins  were  also  noted  from  one 
of  the  southerly  diatremes  in  Hearne 
Channel . 

It  does  not  appear  valid  therefore  to 
distinguish  the  two  northerly  diatremes  from 
those  farther  south,  on  the  basis  of  the 
presence  or  absence  of  mineralization. 

(ii)  A  large  subcrop  of  sandstone  south  of 
the  JDA  group  (Map  1)  has  been  interpreted 
as  representing  the  basal  part  of  the  Akait- 
cho  Formation  (this  thesis,  p.  54).  This 
must  be  resolved  with  drill  hole  data  from 
the  BBX  deposit  which  shows  Akaitcho  sedi- 
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ments  to  depths  of  as  much  as  800  feet. 

This  suggests  either  that  a  fault  exists 
between  the  JDA  and  BBX  groups,  or  that  the 
affiliation  of  these  sediments  has  been 
misinterpreted.  Assuming  that  a  fault  does 
exist,  it  can  be  suggested  that  the  JDA 
diatreme  is  more  deeply  eroded  than  that  on 
the  BBX  property. 

III.  Suggestions  for  Further  Work 

The  purpose  of  this  study  has  been  to  document  the 
geology  of  the  Aristifats  (BBX)  deposit,  and  to  speculate 
on  the  nature,  origin  and  affinity  of  both  the  diatreme 
and  the  associated  mineralization.  To  a  large  degree  this 
objective  has  been  achieved.  Future  studies  would  benefit 
from  two  principle  avenues  of  investigation. 

A.  Much  of  the  discussion  on  the  origin  of  the  dia¬ 
treme  was  predicated  on  the  assumption  that  sedimentary 
rocks  at  depth  on  the  BBX  property  belong  to  the 
Akaitcho  Formation.  As  noted  in  Chapter  3,  there  is 
some  question  as  to  whether  these  sediments  are  in 
fact  part  of  the  Akaitcho  Formation.  In  particular, 
pisolithic  sediments  do  not  appear  to  be  consistent 
with  published  descriptions  of  the  Akaitcho  Formation, 
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and  strikingly  similar  rocks  outcropping  in  Hearne 
Channel  have  been  assigned  to  the  Ogilvie  Formation 
(this  thesis,  p.  55).  The  successful  resolution  of 
this  problem  would  have  some  bearing  on  the  origin 
of  the  diatreme,  and  may  be  of  some  use  in  resolving 
the  question  of  whether  the  southerly  pipes  in 
Hearne  Channel  are  mineralized  at  depth. 

B.  Sulfur  isotope  studies  carried  out  on  minerals 
such  as  chalcopyr ite ,  galena  and  barite  may  be 
successful  in  determining  the  source(s)  of  sulfur 
in  the  ore-forming  fluid,  particularly  with  respect 
to  phases  II  and  III.  This  would  provide  useful 
information  on  the  origin  of  the  deposit,  and  hope¬ 
fully  would  lend  support  to  the  views  expressed 
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The  following  chronical  summarizes  mining  exploration 
carried  out  on  the  BBX  property  to  date.  The  review  is 
based  on  inhouse  reports  of  Great  Plains  Development 
Company  of  Canada,  Ltd.,  and  on  assessment  records  avail¬ 
able  at  the  Department  of  Indian  Affairs  and  Northern 
Development  in  Yellowknife,  N.W.T.  This  appendix  is 
intended  only  as  a  brief  review  of  the  extent  of  mining 
exploration  on  the  property,  and  of  the  results  which 
have  been  achieved.  While  it  is  of  general  interest  as  a 
complement  to  Map  3  which  shows  the  location  and  orienta¬ 
tion  of  drill  holes,  it  does  not  provide  detailed 
information  on  mineralized  zones  and  grades  of  minerali¬ 
zation  . 

1948  (November)  -  BBX  1  &  2  staked  by  G.  Wonnacott. 

These  claims  which  are  now  retained  as  leases 
lie  east  of  Aristifats  Lake.  BBX  2  contains 
the  main  surface  showing.  The  adjoining 
property  has  since  been  staked  under  a  variety 
of  names,  but  remains  today  as  shown  in  figure 
3. 

1949  -  Diamond  Drilling  -  three  diamond  drill  holes 

totalling  228  feet  were  drilled  on  BBX  2(?). 

The  exact  location  of  these  drill  holes  is 
not  known,  but  it  is  presumed  that  they  were 
collared  in  the  vicinity  of  the  main  surface 
showing.  Drill  logs  and  assays  are  not 
available  for  these  holes. 

1950  (May/June) 

-  Diamond  Drilling  -  three  diamond  drill  holes 

totalling  242  feet  were  collared  in  the  vicinity 
of  the  main  surface  showing.  Although  drill 
logs  are  available,  they  are  very  brief  and  of 
little  use  except  as  a  general  indication  of 
the  presence  or  absence  of  mineralization. 

Drill  cores  and  assays  are  not  available.  These 
holes  all  intersected  agglomerate,  and  signifi¬ 
cant  amounts  of  galena  and  chalcopyrite  were 
noted  as  follows: 
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1952 

1956 

1957 


Description 


"Vein  zone-evenly  dis¬ 
seminated  galena  and 
chalcopyrite  -  25% 
mineralization" . 

"Vein  zone-chalcopy- 
rite  and  disseminated 
galena-30%  mineraliza¬ 
tion  . 

-  Trenching  (2  Trenches)  -  These  are  assumed  to  be 
trenches  1  and  2  covering  the  main  surface 
showing . 

-  Diamond  Drilling  for  J.  McAvoy  (?)  -  two  diamond 
drill  holes  totalling  676  feet  were  drilled  in 
the  vicinity  of  the  main  surface  showing.  Both 
holes  intersected  mineralization  within  the 
agglomerate,  but  its  concentration  was  not  noted, 
and  assays  are  not  available.  Chalcopyrite, 
galena,  pyrite,  manganese  stain  and  erythrite  were 
noted . 

-  BBX  Property  optioned  by  Preston  East  Dome  Mines 
Limited . 

-  Diamond  Drilling  -  between  January  and  March, 

1957,  2083  feet  of  diamond  drilling,  in  13  holes, 
was  carried  out  by  Preston  East  Dome  Mines. 
Agglomerate  was  intersected  in  all  but  two  of 
these  holes  (#9  &  #11).  At  least  some  minerali¬ 
zation  was  intersected  in  all  holes,  both  within 
the  diatreme  and  in  quartz-carbonate  veins  in 
the  surrounding  sediments".  Significant  miner¬ 
alized  horizons,  referred  to  as  "vein  zones"  on 
the  logs,  were  intersected  as  follows: 

Hole  No.  Footage  Length 


3 

48 

-  68 

ft. 

20 

f  t . 

4 

188 

-194 

f  t . 

6 

ft . 

5 

70 

-  86 

f  t . 

16 

f  t . 

6 

75 

-  80 

f  t . 

5 

ft . 

7 

46 

-  49 

f  t . 

3 

ft. 

Hole 

No .  Footage  Length 

1  27-59  ft.  32  ft. 


2  48-78  ft.  30  ft. 
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The  prominent  mineral  in  these  zones  is  chalco- 
pyrite,  but  bornite,  azurite,  niccolite, 
millerite(?)  and  cobalt  minerals  were  also 
described. 1 

The  concentration  of  this  mineralization  was 
not  noted  however,  and  if  assays  were  carried 
out,  the  results  are  not  available. 

1958  -  Rio  Tinto  Canadian  Exploration  Limited  briefly 

took  over  exploration  of  the  property  from 
Preston  East  Dome  Mines.  Drill  core  was 
re-examined  and  re-assayed,  but  the  option  was 
allowed  to  lapse. 

1965  -  Trenching  -  one  rock  trench,  assumed  to  be 

TR-4  (map  2) . 

1970  -  Geological  report  on  the  BBX  claims  for 

J.  McAvoy(?)  (Nickerson,  1970). 

1971  -  A  geological  examination  of  the  property  was 

carried  out  on  behalf  of  the  BBX  Syndicate 
(Argy,  and  Siega) .  This  examination  was  supple¬ 
mented  by  a  Time  Domain  Induced  Polarization 
Survey  for  Milner  Resources  Limited  of 
Edmonton,  Alberta,  by  Eagle  Geophysics  Limited 
of  Vancouver,  B.C.  (Lloyd,  John).  2<phe 
conclusions  of  this  report  are  quoted  below 
( Lloyd,  p .  10) . 

(1)  "The  main  mineralized  zone  carrying  signi¬ 
ficant  values  in  copper  and  silver  is 
relatively  small,  as  demonstrated  by  the 
weak  IP  response  directly  adjacent  to  the 
trenches  and  the  lack  of  IP  response  in 
the  interpreted  direction  of  strike". 


Mineral  identifications  were  based  on  hand  specimen 
examination  and  hence  may  be  in  error.  In  particular, 
niccolite  and  bornite  were  not  detected  by  ore  micros¬ 
copy  or  semiquant itative  microprobe  analysis  in  the 
present  study. 


Presumably , 


Milner  Resources  was  part  of  the  BBX  Syndicate 
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(2)  "The  vein-shears  in  the  shale-sandstone 
sequence  give  strong  IP  responses. 
Insufficient  data  was  collected  over 
these  occurrences  to  determine  accurately 
their  width,  depth,  strike  direction  and 
length.  These  zones  however,  carry  only 
minor  and  sporadic  values  in  copper." 

1972  (April) 

Report  on  the  BBX  Claim  Group,  East  Arm  fold  Belt 
Great  Slave  Lake,  N.W.T.  (Olson,  R.A.,  1972) 

Soil  Geochemistry  Survey  -  indicates  a  possible 
oval  shaped  anomaly  (Nutter  and  Sawyer,  1975, 

p.  80 ) . 

1972  (August) 

-  Between  August  9  and  August  26,  1100 

feet  (7  holes)  of  diamond  drilling  was  carried 
out  on  behalf  of  Colby  Mines  (Nutter  and  Sawyer, 
1975,  p.  67)  and  is  described  by  Nickerson  (1972). 
Agglomerate  was  intersected  in  all  holes  except 
No.'s  72-1  and  72-7.  Diamond  drill  hole  72-4 
intersected  significant  concentrations  of 
copper  in  the  agglomerate  with  an  average  grade 
of  1.63%  between  75  and  85  feet.  Minor  cobalt, 
and  traces  of  gold,  lead,  and  zinc  were  also 
detected.  Other  diamond  drill  holes  were 
relatively  unmineralized. 

1973  (May) 

BBX  property  geologically  mapped  by  Great 
Plains  Development  Company  of  Canada,  Ltd. 

(Nutter  and  Sawyer,  1975). 

1974  (January) 

-  BBX  property  optioned  by  Great  Plains 
Development  Company  of  Canada,  Ltd. 

1974  (June) 

Geophysics  -  Induced  polarization  and  magne¬ 
tometer  surveys  were  carried  out  on  the  property 
for  Great  Plains  Development  Company  of  Canada, 
Ltd.  by  Renting  Exploration  Services  Limited 
(Wyder ,  J. E. ) 


- 
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(1)  Induced  Polarization 

A  Huntec  Mark  III  Induced  Polarization 
System  was  used,  with  electrodes  arranged  in 
both  gradient  and  pole-dipole  arrays.  Signifi¬ 
cant  I.P.  anomalies  were  found  to  be  associated 
with  the  known  copper  mineralization  in  trenches 
1  and  2.  Similar  I.P.  anomalies  outlined  else¬ 
where  within  the  diatreme  were  proposed  as 
potential  mineralized  zones. 

(ii)  Magnetometer 

A  McPhar  M700  fluxgate  magnetometer  was 
used  to  test  whether  magnetics  could  be  used 
to  outline  the  boundaries  of  the  diatreme. 

The  survey  was  unsuccessful  and  did  not 
reflect  any  particular  geologic  model. 

1975  ( February- Apr il) 

Diamond  Drilling  -  A  seven  hole  2859  foot  dia¬ 
mond  drilling  program  was  carried  out  by 
Great  Plains  Development.  Five  of  these 
holes  were  drilled  to  test  I.P.  anomalies 
defined  during  the  1974  survey.  Two  additional 
holes  (75-6,  75-7)  were  drilled  to  test  the 
possible  extensions  of  copper  mineralization 
intersected  in  DDH  75-5.  Of  the  seven  holes, 
significant  copper  values  were  encountered  only 
in  DDH  75-5,  which  contained  7  relatively 
discrete  mineralized  zones.  Copper  concentra¬ 
tions  ranged  from  0.84%  over  14  feet  to  2.0% 
over  26  feet. 

1976  (September) 

Diamond  Drilling  -  One  vertical  hole  was 
drilled  to  a  depth  of  800'  in  order  to  test 
the  possible  extensions  of  mineralized  zones 
intersected  in  DDH  75-5.  The  hole  intersected 
five  discrete  mineralized  zones  within  the 
diatreme  with  copper  values  ranging  from  1.23% 
over  9  feet  to  2.24%  over  38  feet  (table  3, 
this  thesis)  . 


Appendix  2 

Density  Calculation  for  Mineralizing  Fluid  Based  on 

Fluid  Inclusion  Data 
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Fluid  density  is  given  by 


£  =  £  +  £ 

^  T  ^  w  ^  v 


at  STP 


£  =  total  density 


w 


£  __  =  density  of  aqueous  phase 

=  density  of  water  (1  g/cc)  +  density  of  NaCl 
(21.5  g/cc)  weighted  according  to  weight  %. 
It  is  assumed  that  the  solution  is  saturated 
with  respect  to  NaCl  (23.3  wt  %  NaCl) 


v 


density  of  vapour  phase  (water  vapour)  = 
0.0008  g/cc  =  0.00  g/cc. 


Now:  Vapour  phase  occupies  9.2%  of  the  area  of  the 

incluision  (p.206  this  thesis).  This  is  converted 
to  volume  %  by  assuming  that  the  inclusions  are 
spherical.  The  vapour  phase  therefore  occupies 
2.8  volume  %  of  the  inclusion.  The  aqueous  phase 
occupies  (100  -  2.8)  =  97.2%  of  the  inclusion  by 
volume . 


[2.78(0)  +  .  233  (97.2)  (2.16)  +  .767  (97.2)  (1)]  g/cc/100 


=  [0  +  48.92  +  74.571/100  g/cc 


S  T  =  1.2  3  g/cc 


Conditions 


The  calculation  of  fluid  density  is  approximate  for 

the  following  reasons : 

(1)  The  area  of  the  inclusion  occupied  by  the  vapour  phase 
is  an  approximate  value  based  on  sketches  of  the 
inclusions  made  to  scale  on  graph  paper.  This  approxi¬ 
mation  is  compounded  by  assuming  that  the  inclusions 
are  spherical  when  calculating  volume  %  of  the  inclu¬ 
sion  occupied  by  the  vapour  phase.  This  assumption 
is  necessary  however,  as  the  configuration  and  depth 
of  inclusions  in  the  third  dimension  cannot  be 
readily  determined. 


V 
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(2) 


For  the  purpose 
were  assumed  to 
clearly  an  over 
kCl  and  CaSC>4(? 
inclusions . 


of  this  calculation,  the  inclusions 
be  saturated  with  NaCl.  This  is 
simpl iciation  as  concentrations  of 
have  also  been  inferred  for  these 


(3)  The  presence  of  small  quantities  of  gases  such  as 

C02  and  CH^  in  the  inclusions  has  not  been  taken  into 
consideration  in  this  calculation,  as  their  exact 
composition  and  concentration  is  unknown.  The 
presence  of  these  gases  would  decrease  the  density 
of  the  inclusions  slightly  however. 
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